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Teaming with Microbes 


Where will the new recruits come from? You have to add them-bacteria, 
funtti protozoa, nematodes, earthworms, microarthropotk-back to your soil. 
Roms' of plants feed those beneficial*. but to make sure that the beneficals get 
reestablished, care packages may need to be delivered. Soil Foodweb, Inc., helps 
people rapidly reestablish the biology that creates the foothold foi health to 
come back into these systems; and this book describes these hardworking 
members of the front line of defense for your plants. Where do they live? Who 
their families? How do you send in lunch packs, not toxics, to help the re- 


are 


emits along? 

Win back vour soil's health. Put nothing on your soil if you don't know 
what it will do to the life under your feet. If there is "no information" about 
how something impacts the life in your soil, or if the material has never been 
tested to determine what it does to the organisms in your soil, don’t use the 
material If you have already purchased the product, test it yourself. 

Toxics are sometimes necessary to roust out a particularly bad infestation 
or disease, but toxics should be used as a Last resort, not as your first response 
to a wilting plant. If you use toxics, then remember to replace the good guys, 
and send in some food, immediately. 

Reestablishing the proper biology is critical. You may lose a few battles 
along the way. But persevere, and you can win. Think strategically: how can 
vou help deliver troops, foods, medicines,:and bandages to the frontlines of the 
kittle between beneficials and the diseases and pests in the most effective way? 

1 lie directions, at least to the best of our knowledge, are in this book. 

Most people have a great deal to learn when it comes to soil. You need the 
information that Jeff and Wayne have put together. They also make their “les- 
M>ns about soil health enjoyable! They present what could be deadly dull and 
wring tn a way that ts exciting and understandable, Instead of your having to 

,° r ^ 3nd years> starin S trough microscopes, as my colleagues and I 
overview rf" Zuu* * Soil this book gives you an 

**» in this book, in a wiv'that II " 7* of man > ,scienrists is brou S hl ««- 
be easily understood. ‘ “ " TOm P lex 5tor >' of lifc in thc soil to 

t0 leanl H0W “ rC,U, n he0l ‘ h “ SOi '' 
you eat. I he instructions are here. 

l>r. Elaine Ingham, Ph.D. 

President, Worldwide, Soil Foodweb, Inc. 

www.soilfoodweb.com 
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W ERE TYP1CAL ^iburban gardeners. Each year, at the beginning 

of the growing season, we carpet bombed our lawns with a mega- 
§*I 1 dose of water-soluble, high-nitrogen fertilizer and watered like 
crazy; then we strafed their weeds with a popular broadleaf herbicide Next we 
attacked our vegetable gardens and flower beds with a bag or two of commer- 
cial fertilizer and leveled them with a rototiller until the soil, the color and tex- 
ture of finely ground coffee, lay as smooth and level as the Bonneville Salt Flats 
These things we did religiously, as did most of our neighbors. Once was never 
enough either. We continued to use chemical fertilizers throughout the season 
as if we were competing in the large-vegetable contest at the Alaska State Fair— 
and at the end of the season we rototilied again, for some inexplicable reason. 
When necessary (and it often was), we would suit up into protective cloth- 
complete with rubber gloves and a face inask — and paint our birches to 
protect them from invading aphids by using some god-awful smelling stuff 
that listed ingredients no normal person could pronounce, assuming hi. or she 
took the time to read the incredibly small print on the chemical’s label. Then 
we sprayed our spruce trees with something that smelled even worse — some- 
thing so strong, one application lasted not one hut two years. It was a good 
thing we did protect ourselves, as both spray products are now oi f the market, 
withdrawn as health hazards. 

Don’t misunderstand us. At the same time we were also practicing what we 
considered to be an “appropriate” measure of environmental responsibilih 
a nd political correctness. We left the grass clippings on flic lawn to ! . oniposr 
and tilled fallen leaves into the garden beds, and occasionailv we let loose 
batches of lacewings, ladybird beetles, and pun ing mantids— our version of 
integrated pest management. We composted. We recycled our newspapers and 
aluminum cans. We fed the birds and allowed all manner of wildlife to wander 
in our yards. In our minds we were pretty organic and cm nonmenniilv voi. 
wious {if not downright responsible). In short, we were like most hoiru gar 
deners, maintaining just the right balance between better living with chemistry 
a nd at least some of Rachel Carsons teachings. 
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Besides, we were mostly using only water-soluble, high-nitrogen fertiliser. 
Mow bad could that be for the environment? It suie made the plants grow. And 
we really employed only one weed killer, albeit a nonselective, broadleaf one. 
Okay, we occasionally resorted to an insecticide too, but when we considered 
what was on the shelves of our favorite nurseries, these didn’t amount to much 
in our minds. Surely we couldn’t be causing harm when we were only trying to 
saV e a spruce, help a birch, or prevent noxious dandelions and duckweed from 

taking over the world? 

Central to the way we cared for our gardens and yards was a notion shared 
by tens of millions of other gardeners and, until you finish this book, perhaps 
you as well: nitrogen from an organic source is the same as nitrogen from an 
inorganic one. Plants really didn’t care it their nitrogen and other nutrients 
came from a blue powder you mixed with water or aged manure. It is all nitro- 
gen to them. 

Then one autumn, after the gardens were put to bed and we were settlii 
in lor i lie winter, looking for something to hold our horticultural interest for 
the cold months, a gardening friend e-mailed two stunning electron micro- 
scope pictures. The first showed in exquisite detail a nematode trapped by a 
single looped fungal strand, or hypha. Wow! This was quite a picture— a fun- 
gus taking oat a nematode! We had never heard of, much less seen such a thing, 
and a started us wondering: how did the fungus kill its prey? What attracted 

u hi, nd nematode to the rings of the fungus in the first place? How do the 
rings work? 

what appeared to be * 

CZr y 8aI hVPhae and had w 'he tomato root. 

where were et ! 7 TTT- *"* *» attacked, and 

' 5,1,831 hyphae *• “led off the first nematode’ 


nematode, 

fungal h) 

H. H. 
Sprinted, v 
,rom http:// w 
American Ph 
StKiety, St. F 
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While researching the answers to these questions, we stumbled upon the 
work of Dr. Elaine Ingham, a sod microbiologist famous for her work with th! 
life that resides m sod and, in particular, who eats whom in the soil world Since 
some organtsms eat from more than one food chain or ate eaten by more than 
one type of predator, the chains are linked into webs— sod food webs Ingham 
an excellent teacher, became our guide to the whole world of complex comma 
nines in the sod. Through her we learned that the fungus in the first photo- 
graph was protecting the plant's roots; if that wasn't enough to make „ s stor 
and think, we learned the plant attracted the fungus to its roots in the first in- 
stance! And we also learned what killed the fitngus that would have prevented 
the nematode from attacking the tomato root. 

Naturally, we began to wonder what other heretofore-unseen things were 
going on down there in the soft. Might the world revealed to us by tools like the 
electron microscopes affect how we care for the plants in our gardens, yards, 
and lawns? We have all been dazzled by Hubble images of deep space, incom- 
prehensibly far away, yet few of us have ever had the opportunity to marvel at 
the photographs produced by a scanning electron microscope (SEM), which 
provide a window to an equally unknown universe literally right under our feet. 

We looked for answers, and soon realized that while we were out spreading 
fertilizer and rototilling our garden beds by rote, an ever-growing group of sci 
entists around the world had been making discovery after discovery that put 
these practices into question. Many scientific disciplines — microbiology, bacte- 
riology, mycology ( the study of fung i ) , myrmecology ( the study of ants), chem- 
istry, agriculture — came together in recent decades to focus jointly on under- 
standing the world of soil. Slowly, their findings about what goes on in the soil 
are being applied to commercial agriculture, silviculture, and viniculture. It 
time we applied this science to things we grow in our home yards and gardens. 

With no fungal hyphae barring 
the way, a nematode penetrates a 
tomato root to feed. Photograph b> 
William Weryin ana Richard Savre, 

USDA-ARS. 
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,, ncrs are stuck ft traditional horticultural land, a place ^ 
„ *f5 0 U wic« tales* anecdoul science, and slick commercial pifcfe, % 
t , ell products dictates „ur S easo.,aUct.v,t,es it there is my ni L 
«7 if,,, underlying science of gardemng, ,t ,s almost always l imited 

T uTs NPK chemistry and its physical structure As yon read these p a|n 


VOli 


will learn how to use the biology in your 


soils- 


natu rally or man ip u . 


, „d_to vour and your plants’ benefit. Since chemical fertilizers kill the 
11 md chase away larger animals, the system we espouse is mm 


game 


one, free 


microorganisms anu ww»v o — * an or- 

free of chemicals. Chemicals, in tact, are what killed off the root- 
protecting fungal hyphae, giving our nematode friend access to the unp ro _ 

Ld tomato root in the second photo. 

I?v necessity, this hook is divided into two sections. I he first is an explana- 
tion of soil and the soil food web. There is no getting around it. You have to 
p n(nv the science before you can apply it. At least in this instance, the science is 
fascinating, even astonishing, and we try not to make a textbook out of it. The 
second section is the explanation of how to work the soil food web to your 
soils’ advantage and to yours as a gardener. 

What makes this book different from other texts on 
phasis on the biology and microbiology of soils — rela 
ami organisms in the soil and their impact on plants. V •/ 
soil chemistry, pH, cation exchange, porosity, texture, 
si ribe soil. ( Classic soil science is covered, but from th, 
stage where the biology acts out its many dramas. Al t«. r 
duccd and their individual stories told, what evolves is a set of predictable out- 
comes from their interrelationships, or lack thereof. In the second half of the 
hook, these outcomes are formed into a few simple rules, rules that we’ve ap- 
I'lii m our yards and gardens, as have many of our neighbors in Alaska, where 
we initiated these new practices. So have others, throughout the Pacific North- 
wcsl 1,1 Particular, but in other parts of tire world as well. We think that learn- 
ing about and then applying soil science (particularly the science of how vari- 
ous forms of life in the soil interrelate — the soil food web) has made us belter 
g tiers. Once you are aware ol and appreciate the beautiful synergisnis be- 
soil organisms, you will not only become a better gardener but a better 

steward of the ■% 

son . ‘ ■ htome gardeners really have no business applying poi- 

,■ I . l ^ eni th ey do, to the food they grow and eat (and worse, 

Md * e kv ™ they play. 

stnntt-ur C le T kd 10 S ^*P r ‘ght to the second part of this book, but we 


i I is our strong em- 
t ships between soil 
iv not abandoning 
i other w r ays to de- 
mise that it is the 
o players are intro- 


S0, It is essential to know the science to really under 
requires a bit ol effort (or the chapter on soil science 


the rules. Sure it 


Preface 


does, anyway), but foi too long, for too many gardeners, everything we nee, led 
to know came in a bottle or jar and all we had to do was mix with water and 
apply with a hose-end sprayer: instant cooking meets home gardening, Some 
hobby- Well, we want you to be thinking gardeners, not mindless consumers 
who react because a magazine or television ad says to do something. If you re- 
ally want to be a good gardener, you need to understand what is going on in 
your soil* 

So, here goes. We now know all nitrogen is not the same and that if you let 
the plants and the biology in the soil do their jobs, gardening becomes much 
easier and gardens much better. May your yard and your gardens grow to their 
Natural glory. We know ours now do* 
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who was expected to eat whom, starting with the fly and ending with the im- 
probable horse, you would have what is known as a food chain. 

Most organisms eat more than one kind of prey, so if you make a diagram 
of who eats whom in and on the soil, the straight-line food chain instead be- 


A soil food web, USDA-NRCS. 
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pends on the interplay between these microbes. It is a completely natural sys- 
tem, the very same one that has fueled plants since they evolved. Soil life pro- 
vides the nutrients needed for plant life, and plants initiate and fuel the cycle 
by producing exudates. 
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Soil life produces soil nutrients 

When any member of a soil food web dies, it becomes fodder for other mem- 
bers of the community. The nutrients in these bodies are passed on to other 
members of the community. A larger predator may eat them alive, oi they may 


fungi can help in this regard (see chapter 4 ), The soil food web, then, in addi- 
tion to providing nutrients to roots in the rhizosphere, also helps create soil 
structure: the activities of its members bind soil particles together even as they 
provide for the passage of air and water through the soil 
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' {c m9t ter into the soil, where it is shredded by 

unple, worms puU organ^ opening it up for fungal and bacterial 

beetles and the larvae ox g ygt more nutrients for the soil community. 

decay- This worm activity P 

Healthy soil food webs control disease 

. on£ t hat is not being destroyed by pathogenic and 
A healthy food web ^ ^ soi j orga nisms are beneficial, after all. As 

disease-causing 0rga ^ athogen ic soil bacteria and fungi cause many plant 
gardeners you ^ m oniy have tremendous numbers of indi- 

diseases. Healthy so <*_ ^ mrs \ ty G f organisms. Remember that teaspoon 
organisms **8 _ t0 30 ,000 different species make up its bib 


diseases 
vidua 1 


vidual organisms 00Q t0 30 ,000 different species make up its 

ICH***^ in " umbers 


and diverse community controls troublemakers. A good analogy is 
, , h t, Crowded market: if there are enough people around. Urey will catch 
‘ m the thief (and it is in their self-interest to do sol. It the market is 

leserted however, .he thief will be successful, just as he wdl be if he is stronger, 

faster or in some other waybetteradapted than those that would be m pursuit. 

In the soil food web world, the good guys don’t usi catch thieves 
t though it happens: witness the hapless nematode that started this all lor us); 
rather, they compete with them for exudates and other nmr 1 nts, air, water, 
and even spare If the soil food web is a healthy one, this competition keeps the 
pathogens in check; they may even be oulcompeted to their death. 

Just as important, every member of the soil food web has its place in the 
soil community. Each, be it on the surface or subsurface, plays a specific role. 
Elimination of even just one group can drastically alter a soil community. Birds 
p irtivipate bv spreading protozoa carried on their feet or dropping a worm 
taken tmm one area into another. Too many cats, and things will change. Dung 
from mammals provides nutrients for beetles in the soil. Kill the mammals, or 
eliminate their habitat or food source (which amounts to the same thing), 

\<>u won t haw as many beetles. It works in the reverse as well. A healthy soil 
toikl web won t allow one set ol members to get so strong as to destroy the web. 
It there are too many nematodes and protozoa, the bacteria and fungi on 
hich they prey are in trouble and, ultimately, so are the plants in the area. 

And there are other benefits. The nets or webs fungi form around roots act 
, : iCal k‘ irnirs t0 invasion and protect plants from pathogenic fungi and 
t l .. cter i a c °at surfaces so thoroughly, there is no room for others to at 

m j ' * 8 ’ ^ something impacts these fungi or bacteria and their nuM 

P ° f 1 Cy dlsa PP ear > the plant can easily be attacked. 
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What Is the Soil Food Web? 


Special soil fungi, called mycorrhizal lungi, establish themselves in a sym- 
biotic relationship with roots, providing them not only with physical protec- 
tion but with nutrient delivery as well. In return for exudates, these fungi pro- 
vide water, phosphorus, and other necessary plant nutrients. Soil food web 
populations must be in balance, or these fungi are eaten and the plant suffers. 

Bacteria produce exudates o! their own, and the slime they use to attach to 
surfaces traps pathogens. Somet imes, bacteria work in conjunction with fungi 
to form protective layers, not only around roots in the rhizosphere but on an 
equivalent area around leal surlaces, the phyllosphere. Leaves produce exu- 
dates that attract microorganisms in exactly the same way roots do; these act 
as a barrier to invasion, preventing disease-causing organisms from entering 
the plant’s system. 

Some fungi and bacteria produce inhibitory compounds, things like vita- 
mins and antibiotics, which help maintain or improve plant health; penicillin 
and streptomycin, for example, are produced by a soil-borne fungus and a soil- 
borne bacterium, respectively. 


All nitrogen is not the same 


Ultimate] mi 1 he plants perspective anyhow, the role oi the soil food web 
is to cycle d< nutrients until they become temporarily immobilized in the 
bodies of b ria and fungi and then mineralized. The most important of 
these nutrients is nitrogen — the basic building block of amino acids and, 
therefore, life. 1 he biomass of fungi and bacteria (that is, the total amount ol 
each in the soil) determines, for the most part, the amount of nitrogen that is 


readily available for plant use* 

It wasn’t until the 1980s that soil scientists could accurately measure the 
amount of bacteria and fungi in soils. Dr. Elaine Ingham at Oregon State Uni 
versily along with others started publishing research that showed the ratio of 
these two organisms in various types of soil. In general, the leas, drsturbed sods 
(those that supported old growth timber) had far more lung, than bactem. 
while disturbed soils (rototilled soil, for example) had fa more batter ra t ran 
fungi. These and later studies show thal agricultural soils have a fungal to bac- 
terial biomass (F:B ratio) of 1:1 or less, while forest soils have ten ttmesor more 

fungi than bacteria. , . , _ 

Ingham and some of her graduate students a, OSU also notreed a conefa 

lion between plants and their preference tor soils that were lungal ly dominated 

versus those that were bacterially dominated or neutr ■ mt* 

bacterial to funoal domination in soils follows the general course ol , lan . 
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m w hat type of soil particular plants preferred 
cession, it became easy » fo g ^fol, perennials, trees, and shrubs p re . 

noting whefe ^^ while annuals, grasses, and vegetables prefer soiU 

dominated by findingSj for the gardener, has to do with the ni- 

One implication o _ Reme ^,ber, this is what the soil food web means 
trogen in bacteria an ^ some of the nitrogen is retained by 

to a plant: when m^org ^ waste in the form of plant-available am, 

the eater, but muci o t environment, this can either remain as 

■—» (N ”;LTeS So nitrate (NO,) by special bacteria. When does 
ammonium anim0 mum is released in soils that are domi- 

SS This is because such soils generally have an alkaline pH 
hmks to bacterial bioslime), which encourages the mtrogen-hxmg bacteria 
to thrive. The acids produced by fungi, as they begin to dominate, lower the pH 
and greatly reduce the amount ot these bacteria. In fungally dominated soils, 

much of the nitrogen remains in ammonium form. 

Ah, here is the rub: chemical fertilizers provide plants with nitrogen, but 

most do so in the form of nitrates (N0 3 ). An understanding of the soil food 
wb makes it clear, however, that plants that prefer fungally dominated soils ul- 
timately won’t flourish on a diet of nitrates. Knowing this can make a great deal 
of difference in the way you manage your gardens and yard. 1 1 you can cause 
either fungi or bacteria to dominate, or provide an equal mix I and you can — 
just how is explained in Part 2) , then plants can get: the kind ol nitrogen they 
prefer, without chemicals, and thrive. 


Negative impacts on the soil food web 

Chemical fertilizers negatively impact the soil food web by killing off entire 
portions of it. What gardener hasn’t seen what table salt does to a slug? Fertil- 
izers are salts, they suck the water out of the bacteria, fungi, protozoa, and 
nematodes in the soil. Since these microbes are at the very foundation o! the 
web nutrient system, you have to keep adding fertil izer once you start 

mg the pl-mta ^ ^ m ' Cro ^ io * 0 Sy is missing and not there to do its job, feed- 

gone, other mTmbmlf lb 6 nematodes, and protozoaH 

lacking f a j °°^ we ^ ^appear as well Earthworms, forP 

fertilizers, move out^ ' ir ‘ tatet * by the synthetic nitrates in soluble nitrogen 
absence is a great In Ue ma i or shredders of organic material, their 

Si ‘ ,thout the activity and diversity of a healthy food web. 


are 
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What Is the Soil Food Web? 


you not only impact the nutrient system but ail the other things a healthy soil 
food web brings. Soil structure deteriorates, watering can become problematic, 
pathogens and pests establish themselves and, worst of all, gardening becomes 
a lot more work than it needs to be. HH 

If the salt-based chemical fertilizers don’t kill portions of the soil food web, 
roto tilling will. This gardening rite of spring breaks up fungal hyphae, deci- 
mates worms, and rips and crushes arthropods, it destroys soil structure and 
eventually saps soil of necessary air. Again, this means more work for you in 
the end. Air pollution, pesticides, fungicides, and herbicides, too, kill off im- 
portant members of the food web community or “chase” them away. Anv chain 
is only as strong as its weakest link: if there is a gap in the soil food web, the sys 
tem will break down and stop functioning properly. 


Healthy soil food webs benefit you and your plants 

Why should a gardener be knowledgeable about how soils and soil food webs 
work? Because then you can manage them so they work for you and your 
plants. By using techniques that employ soil food web science as you garden, 
you can at least reduce and at best eliminate the need for fertilizers, herbicides, 
fungicides, aiv : pesticides (and a lot of accompanying work). You can improve 
degraded soils and return them to usefulness. Soils will retain nutrients in the 
bodies of soil food web organisms instead ot letting them leach out to God 
knows where. Your plants will be getting nutrients in the form each particular 
plant wants and needs so they will be less stressed. You will have natural dis- 
ease prevention, protection, and suppression. Your soils will hold more 

The organisms in the soil food web will do most ot the work of maintain 
mg plant health. Billions of living organisms will be continuously at work 
throughout the year, doing the heavy chores, providing nutrients to plants, 
building defense systems against pests and diseases, loosening soil and inc i eas 
ing drainage, providing necessary pathways for oxygen and carbon dioxide. 

You won’t have to do these things yourself. 

Gardening with the soil food web is easy, but you must git the life bai 
your soils. First, however, you have to know something about the soil in w ic 
the soil food web operates; second, you need to know what each o 
members of the food web community does. Both these concerns are taken up 

in the rest of Part 1, 


Chapter 2 

Classic Soil Science 


n nr a rood time to go outside and get a few handfuls of 

T 'HlS WOULD U-t A | 

soil from different places in your yard. Take a good, dose look at the soil, 
Smell it. Grind some between your fingers. Compare the samples for dif- 
ferences and similarities. When you repeat these observations aftei you read 
this chapter, you will have a different perspective of what is in your hands. 

The typical gardener knows very little about soil and why it matters. To us, 
however, soil is the house in which all the organisms of the soil food web five. It 
is the stage for the actors that interest us. You simply have to know something 
about the ph vsical nature ol soil ii you are to undei stand the biology that inhab- 
its it md howto use this biology to become a better gardener. After all, an acre of 
good garden soil teems with life, containing several pounds (about 1 kilogram) 
id small mammals; 133 pounds of protozoa; 900 pounds each of earthworms, 
arthropods, and algae; 2000 pounds of bacteria; and 2400 pounds of fungi. 

Most of us, if we want things to grow better, simply replace soil that is poor 
in quality with good soil. Experienced gardeners know good soil when I bey see 
it: coffee-colored, rich in organic matter, able to hold water yet still drain when 
'here is loo much around. And it smells good. Poor soil is pale, compacted, 
diiiins either too well and won’t retain any water or holds too much watei. 
sometimes even becoming anaerobic. It can smell bad. If you are going to use 
the soil food web, however, von really need to know more. Where does soil 
come from. What are its components? How can we agree to describe if, and 
um we measure its characteristics? This knowledge will help you adjust 

your soils, for what determines really good soil, in the end, is what you wish to 

IT? lU ?° 0d S01 ' must be ablc to maintain a soil food web compatible with 

someth^ S U SUppom * Trust us — i in the end, you will be glad you know a fflfc 
ng more about soil, something beyond its color and smell. 


What is soil, really? 

Technically, soil k a ii i 

the upp er layer of ik C 00Se ’ Ullc0ns °lidated, mineral and organic ma 

*mh's crust. The standard comparison uses 


alter in 
to 
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Classic Soil Science 


represent the earth. Carve off approximately 75% of the skin, which represents 

all the water, and another 15%, which represents deserts or mountains land 

too hot, too cold, too wet, or too steep to be usable for growing plants. The 10% 
that remains represents all the earth’s soil-soils with the necessary physical, 
chemical, and biological properties to support plant life. When we take into ac- 
count the footprints of cities, roads, and other man-made infrastructure 
(these, incidentally, usually are sited on some of the very best soils), the surface 
area of usable soil is further reduced. 

For the moment, the thing that concerns us is the tiny strip of apple skin 
that represents the soil in our gardens and yards. How did it get there? What is 
it? Why does it support plant growth? 


Weathering 

Your yard’s soil is in large part a product of weathering. Weathering is the sum 
impact of all the natural forces that decay rocks. These forces can be physical, 
chemical, or biological. 

To begin, the mere action of wind, rain, snow, sun. and cold (along with 
glacial grinding, bumps along river beds, scrapes against other rocks, and rolls 
in ocean waves and stream currents) physically breaks rocks down into tiny 
mineral particles and starts the process of soil formation. Water freezes in rock 
cracks and crevices and expands, increasing its volume by 9% (and exerting a 
force of about 2000 pounds per square inch) as it turns to ice. Hot weather 
causes the surfaces of rock to expand, while the inner rock, just a millim eter 
away, remains cool and stable. As the outer layer pulls away, ciacks form, and 

the surface peels off into smaller particles. 

Chemical weathering dissolves rock by breaking the molecular bonds that 
hold it together through exposure to water, oxygen, and carbon dioxide. Some 
materials in rock go into solution, causing the rock to lose structural stability 
and making it more susceptible to physical weathering (think of a sugar cub 
dropped into a cup of tea and then stirred). Fungi and bacteria also contribute 

to chemical weathering by producing chemicals as they deca\ then loo ( g 

produce acids, and bacteria alkaline substances); besides carbon <- ioxi l, m 
crobes produce ammonia and nitric acids, which act as solvents. Roc' ■ 
is broken down into simpler elements. Although there are a most 
chemical elements in soil, only eight constitute the majority: 
aluminum, iron, magnesium, calcium, sodium, and potassium. All have -m 
electric charge on a molecular level, and in different combinations Ukh 
electrically charged molecules that combine to form different muter*. 



learning wit h Microbe s 



conversion in^soN. pi theye J ow l,chen on this ;<tck are slowly contributing lo its 

ograp by Dave Powelf, USDA Forest Service,. w ww , f o res try i rn a c i * ■ •• ■ 0 r 9 ■ 

prectdy thef aCtlVIty> C °°’ fathering. Mosses and lichens {or. m 

chelating agents fh,? 'v^ themselves t0 rocks and produce acids l 

small fissures that fill C ' SS ° VC r °ck to use as nutrients, resulting 

the parent material 4 'g* Water> ^ reeze and thaw cycles further break af 
them, Forcing rocks n'v I’* r °° tS °* * ar ^ ei P* anl s penetrate crevices and # 
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Organic matter 

Weathering breaks rock down into mineral components of one sort or an- 
other. Soil, however, needs to be able to support plant life— and that requires 
more than just minerals. On average, good garden soil is 45% mineral in na- 
ture and 5% organic matter, built up as organisms above and in it go about 
their daily business. As plants and animals on the surface die and are decayed 
by bacteria and fungi, they are ultimately converted into humus, a carbon-rich 
coffee-colored, organic material. Think of the end product of composting’ 
This valuable material is humus. 

Humus consists of very long, hard-to-break chains of carbon molecules 
with a large surface area, these surfaces carry electrical charges, which attract 
and bold niineial particles. What s move, the molecular structure of the long 
chains resembles a sponge lots of nooks and crannies that serve as veritable 
condominiums for soil microbes. Once you’ve added humus and other organic 
mattei, such as dead plant matter and insect bodies, to weathered minerals, you 
have a soil almost capable of supporting trees, shrubs, lawns, and gardens— 
but not quite. 


Air and water 

Minerals and humus make up the solid phase of soil, but plants require oxy- 
gen and water — the gaseous and liquid phases — as well. The voids between 
individual mineral and organic particles are filled by air or water (and some- 
times both). 



Humus has a rich, coffee 
color and is full of organic 
material. This handful Is 
about 55% organic matter. 
Courtesy Alaska Humus Com- 
pany, www.alaskahumus.com 
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between «0 spa^ in on, of two ways: by , he M 
Water m0® 1 ,- indiv idual water molecules on each other, or canj ]!ar 
.jtvorby the pu freely through soils. Picture 

water h P ; ' 


at 


_ -.^tinnal water moves — , „ uci^r, 

h° n ' GraV! oftirave l: gravity pulls the water to the bottom as lhej arfi]1 , 

p^ted ,nt0 3 l " ^ ote the flow of gravitational water. As the water fill, the 

*>P- all d pushes out the air in front of it. When the water fl ow 

P ° reS ’ l a new supply of air to move in. When gravitational water hit 

filler soil pore spaces contain a film of capillary water that is not infl U - 
’ , ity a nd is actually left behind after gravitational water p asses 

housh The liquid is bonded together by the attraction of its molecules for 
Lchother (a force known as cohesion, but let’s not complicate things) and to 
surrounding soil surfaces (a force known as adhesion). This creates a surface 
tension, causing the water to form a thick film on the particle surfaces. Capil- 
lary water can “flow" uphill. It is available to plant roots after gravitational wa- 
rn has passed by and as such is a major source of water for plants. 

Hydroscopic water is a thinner film of water, only a few molecules thick, 
.. hich, like capillary water, is attached to extremely small soil particles by virtue 
of electrical properties. This film is so thin that the bonds between water mol- 
ecules and soil particles are concentrated and extremely hard to break. Roots 
cannot absorb it, therefore, hut this film of water is critical to the ability of 
my microbes to live and travel. Even when conditions are dry, the soil par- 
ticulate surface holds some hydroscopic water; it is impossible to remove it 
from soil without applying lots of heat and actually boiling it off. 

hist about hall the pore spaces in good soil are filled with water. I he other 
half are tilled with air. Water movement pushes stale air out and sucks in ait 
m the surface, so adding water means an exchange of air occurs, which is 
important. If a healthy soil food web is in place, the metabolic activity of soil 
organisms uses the oxygen and creates carbon dioxide. The presence of carbon 
"JO* Z * 3 f od si 8 n the soil contains life; however, the carbon dioxide 

”"£* ^ fresh air (0 kcep m going 

changed wh ° ^ ^ ^° re s P aces are cut off in lots of places, and air is not ex 
t t t; WMW ' W «* f«. water may no, flow a, all. These soils ha* 
All the oxveen i, L * S> Equate space bet ween the soil p aI h $ 

>ng in oxygen-1, * ^ an used U P aerobic metabolic activities, iesl1 

ditions often nrM laero ^‘ c conditions. Organisms that can live in such c ° r 
Prod uce alcohols and other substances that kill plant root cells- 
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Soil profiles and horizons 


Soils are exposed nonstop to the forces of weathering. Rain, for example, will 
cause some soil minerals and organic matter to leach out as the water moves 
down through the soil. This material may hit an impervious barrier and be- 
come concentrated in a certain zone or layer. The size of particles may cause a 
particular material to be concentrated or be filtered. Eventually, over time, dis- 
tinct layers and zones of different material are formed. These can be seen, like 
the rock strata in the Grand Canyon’s walls, as you dig down through the soil. 
A soil profile is a map o! these layers, or horizons. 

Soil scientists have attached a letter or combination of letters (and even 
numbers) to each horizon that appears in any typical soil profile. For the gar- 
dener (thankfully), the top horizons, the O and A, are really the only ones that 
count. The Oi horizon contains organic material that can still be specifically 
identified (with a bit of training that’s beyond the scope of this book); this is 
fibric soil. The Oe horizon has experienced more decay, and while the materi- 
als are identifiable as plant matter, you cannot tell which specific plan!' are in- 
volved, even with training; this is humic soil. Finally, the Oa horizon is where 
the organic material has decomposed so much that you cannot tell its origin. 
It could be from plants or from animal matter. This is sapric soil. All this is 
somewhat useful information if you want to know if your soils will create more 
decay by-products (like nitrogen) because the process that converts the soil to 
humus isn’t complete; or if your soil has been decayed to the point where it ba- 
sically just houses microbes that cause decay. 

The A horizon lies under the 0 horizon. Here humus particles accumulate 


as 


.... water runs through the O horizon above and pulls organic particles down- 
ward. Water flowing through this horizon carries lots of dissolved and 
suspended materials. This A horizon has the highest organic matter content of 
any of the soil horizons and the highest biological activity. This is where the 
roots grow. 

Several other soil horizons follow and, eventually, bedrock. You would need 
a backhoe to trench through all the horizons under your yard, something that 
is clearly not worth the effort. Often one or more horizons are missing, worn 
or transported away by weathering forces, and just as often it is too hat d t o set 

an y distinction between layers, , 

The important thing is to make sure your gardens and yard have g ^ 

soil — the proper mixture of minerals, organic matter, air, and water in U 
top layers, in the area where plants grow. If not, you will have to add to what 
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Soil color 

- . , . in bean easy indicator of what is in your soil, as soil color is sometimes 
j . " the soils specific mineral and organic components. Weathering, 

twain reduction actions of iron and manganese rmnerals. and the ht„. 
lHyofthe decomposition of organic matter are the primary factors in- 

''‘llllmtnenis in soil are very strong coloring agents and produce 
,i trk soils- these can accumulate or can dissolve and coat other particles of soil 
tvith Mack color. When iron is a component of soU, it rusts, and sod particles 
are e, rated with red and yellowish tints. When manganese oxide is a major 
component of soil, its particles take on a purple-black hue. The presence 
these colors usually indicates good drainage and aeration. 

Gray soils can indicate a lack of organic material. They also often indicate 
anaerobic conditions because the microbes that survive in such conditions 
often use the iron in the soil, rendering it colorless in the process. Similaiiy, 
magnesium is reduced to colorless compounds by other types of anaerobic soil 

microbes. 

Soil scientists use color charts to identify, compare, and describe soil con- 
ditions. For the gardener, however, color plays less of a role. For us, good soil is 
ihe color of dark coffee— again, mostly because of its organic components. 

Soil texture 

Soil scientists describe the size of soil particles in terms of texture. There are 
three categories of soil texture: sand, silt, and clay. All soil lias a specific texture 
that enables one to judge its propensity to support a healthy soil food web and 
thus healthy plants. 

Soil texture has nothing to do with composition. If you think the term 
sand applies only to quartz particles, for example, you would be wrong. ! rue. 
most sand particles are mineral quartz, but all sorts ol rock can be weathered 
into sand: silicates, feldspars (potassium-aluminum silicate, sodium-alumi- 
num silicate, and calcium-aluminum silicate), iron, and gypsum (calcium sul- 
fate). If the sand comes from ground-up coral reefs, it is limestone. Most silt 
particles, too, are mineral quartz (only they are much smaller in size than those 
found in sandy soils), and silts can have the same non-quartz constituents as 
..l.n s, mi the other hand, are made up of an entirely different group • ■ 
ninerals, hydrous aluminum silicates, with other elements, such as mag nr 
iron, occasionally substituting for some of the aluminum. 
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So. the key point for the gardener is that texture has to do with 
tides only, not the composition of these particles. What size particles, 
constitute sand, slit, and clay? 

Start with sand. You’ve undoubtedly been to a beach and know that 
particles can be seen with the naked eye. They range in size from 0.0625 to 
millimeters in diameter. Anything much bigger has far too much space be- 
tween individual particles to be of any use to gardeners except as gravel for a 
path. Sand particles arc just small enough to hold some water when aggre 
gated, but most of it is gravitational water and readily drains out, leaving lots 
of air and only a little capillary water. Moreover, the particles of sand are big 
enough to be influenced by gravity, and they quickly settle to the bottom when 
mixed in water. As to texture, soils with large proportions of sand in them are 


gritty when ground between the fingers. 

Next in texture size is silt. Sand particles can be seen with the naked eye, but 
you will need a microscope to see individual silt particles. Like sand, these con- 
sist of weathered rock, only much, much smaller in size — between 0.004 and 
0 0625 millimeter in diameter. The pore spaces between silt particles are much 
smaller and hold a lot more capillary water than sand does. Like sand, particles 
of silt are also influenced by gravity and will settle out when put in water. 1 he 

texture of sill when rubbed between fingers is that of flour. 

Clays are formed during intense hydrothermal activity or by chemical ac- 
tion, that of carbonic add weathering silicate-bearing rocks. Clay particles are 
readily distinguished from silt, but this time an electron microscope is 



A diagram of soil 
textures. Courtesy 
Tom Hoffman Graphic 
Design, 


— ’ Tethat small, the smallest that make up soil, 0.004 m 

nceded-thcse are “plastic” and somewhat slippery when 

jinjeter across or less, u ^ d ay particles absorb and hold lots of 

rubbed between &* ers _ as hydroU s s jJicate compounds. Besides silb 

water, which is why . d oftcn aluminum, magnesium, and iron as well. 

eon, they contain mt& _ jilt0 a m0 re familiar perspective. If a clay 

For comparison, n see d, a silt particle would be a large radish, 

particle were the s» wheelbarrow. Another way to look at 

a „,,in would be a large . ... 

and a sand gram ( a bout a teaspoon s worth) of sand, spread 

10 1 teXlUre ' S j° |!^ t h i s would cover an area about the size of a silver dollar, 
out one-parti, e e 1- am ount of clay one-particle thick, you would 

! 1 T !"? iTcoud-and some of the stands surrounding it, at that 
' 1Ce \^ial difference does texture make! The size of the particles has everything 
do With their surface area and the surface area of the pore spaces between 
individual particles. Clay has tremendous surface area compared to sand. Sit 
is in between. Clav has smaller pore spaces between particles, but many more 
pore spaces in total, so the surface area of the pore spaces in clay is greater than 
silt, which is greater than sand. Incidentally, organic matter, usually in th l for m 
of humus, 's comprised ol very minute particles that, like chi}', have lots of sui- 
Mic area to which plant nutrients attach, thus preventing them fioni 
out. Humus also holds capillary water. 

\|l soils have different textures, but any can be put into a specific category, 
depending on how much sand-, sill-, and clay-sized grains they [contain. I he 
ideal garden oil is loam, a mixture with relatively equal parts ol sand, silt, and 
! <um has the surface aiea of silt and day, to hold nutrients and water, and 
'Ilf pore 'v- ICC of sand, to did riming OP mH hpln null in 


Sample your soils 

( mod garden soil contains 30 to 50% sand, 30 to 50% silt, and 20 to 30% day, 

ith n to 10% organic matter. You can find out how close your soils come to 

M, loam. All it takes is a quart jar, two cups of water, and a tablespoon 

1 2 i K *°^ etler | suc ^ as Calgon liquid. You will also need soil from the top 

Harden .ft ^ nt,meters ) of the areas you want tested, be it your vegetable 
garden, flower bed, or lawn. 

toner. Put it j n ^ vo CU P S °f water and a tablespoon of water sof 

dries become si, . ^ . 0Se ^ ar ’ ant ^ shake it vigorously, so that all tb e P J1 
lie. After a *: *" tlte water - Then put the jar down and let things set- 

minutes, any sand particles in your soil will have settle 
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out. It takes a few hours for the smallest sill particles to settle on top of this 
sand. Much of the smallest clay-sized particles will actually stay in suspension 
for up to a day. Organics in the soil will lloat to the top and remain there for an 
even longer period. 

Wait 24 hours and then measure the thickness of each of the layers with a 

# 

ruler. To determine the percentages of each, divide the depth or thickness of 
each layer by the total depth ol all three layers and then multiply the answer by 
100. Once you know what percentages ot each material are in your soil, you can 
begin to physically change it if need be. How to do this is discussed in the sec- 
ond half of the book. 


Soil structure 


Individual particulate size, or texture, is obviously an important characteristic 
of soils, but so is the actual shape these particles take when grouped together. 
This shape, or soil structure, depends on both the soil’s physical and chemical 
properties. Factors that influence soil structure are particle orientation, 
am ount of clay and humus, shrinking and swelling due to weather (v\ citing 
and drying as well as freezing and thawing), root forces, biological influences 
(worms and small animals), and human activity. Soil structure types, or peds. 


fall into several distinct categories. 

When you look at your garden soils, you don’t see individual particles but 
rather aggregates of these particles. I he biology in ihe soil produces the glues 
that bind individual soil particles into aggregates. As they go about their day- 
to-day business, bacteria, fungi, and worms produce polysaccharides, sticky 
carbohydrates that act like glues, binding individual mineral and humu. paro- 


les together into aggregates. 

Let’s start with bacteria. The slime they produce allows them to stick to par- 
ties as well as to each other. Colonies are formed, and these too stick together, 
is do the particles to which the bacteria are attached. Fungi also help create soil 
iggregates. A group of common soil fungi, in the order Glomales, produces a 
sticky protein called glomalin. As the fungal strands, or hyphae. grow through 
soil pores, glomalin coats soil particles like super glue, sticking these paitic es 
:ogether into aggregates or dumps. These aggregates change the soi j 
space, making it easier for the soil to hold capillary water and soluble nutrients 

tnd recycle them slowly to plants. 

Worms process soil particles in search of food. Individual parfcdespf mm 
steals and organics are ingested and ultimately exuettd as aggregates * e 
JO large, they are readily identified as worm castings. Consider, too, the mi pa. 



granular 

Resembles cookie crumbs and is 
usually less than 0.5 cm in diameter. 
Commonly found in surface horizons 
where roots have been growing. 


BLOCKY 

irregular blocks that are usually 
1.5 - 5.0 cm in diameter. 


PRISMATIC 

Vertical columns of soil that might 
be a number of cm long. Usually 
found in lower horizons. 


COLUMNAR 

Vertical columns of soil that have a 
salt "cap” at the top. Found in soils 
of arid climates. 


PLATY 

Thin, flat plates of soil that lie 
horizontally. Usually found in 
compacted soil, 


SINGLE GRAINED 

Soil is broken into individual particles 
that do not stick together. Always 
accompanies a loose consistency. 
Commonly found in sandy soils. 


MASSIVE 


Soil has no visible structure, is hard 
to break apart, and appears in very 
large clods. 
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of soil organisms as they make their way through the soil. Each group of ani- 
mats Has various body widths. As they mi ive, they create spaces in and between 
soil particles and aggregates. By way of comparison, imagine that a bacterium 
1 micrometer in diameter ( 1 micrometer = Vzs.om inch) is the width of a piece 
of spaghetti. Fungal bodies are generally wider, 3 to 5 micrometers. Nematodes 


(5 to 100 micrometers on average) would be the size of a pencil, perhaps even 
one of those thick ones; and protozoa I lf) to 100 micrometer*,; would be the 
diameter of an American-style hot dog. Continuing to use our scale, soil mites 
and springtails, at 100 micrometers to 5 millimeters, would h ive the diameter 
of a good-sized tree. Beetles, earthworms, and spiders (2 to 100 millimeters) 
would have the diameter of really large trees. Imagine how each opens up soil 
particles as they go about their daily activities. 

Finally, electrical charges on the surfaces of organic matter and day parti- 


cles attract each other in addition to chemicals (calcium, iron, aluminum I r 
water solution, acting as bonding agents that hold together soil particles. 

Why are we going over this soil structure stuff? Because soil structure is a 
key characteristic of good growing conditions. If there is adequate soil struc- 
ture, there is ample drainage between aggregate - but also plem i >f plant a ail 
able capillary water. The air circulation necessary for biological activity is suffi- 
cient. And, perhaps most important, if there is adequate soil structure, there is 
space for soil biology to live. Good soil structure withstands torrential rams, 
the drying of desert -like droughts, her sis o: an a 
Water and nutrient retention is high. Life in and on it thrives. 

Poor soil structure results in a lack ot water retention, and soil collapses un- 
der all the a b ovem en tion e d environmental and man-made pressures. Little life 
is in it, and the serious reduction in tertilm drives peop e to rest rt t< 
cal fertilizers in increasing amounts. 



Microscopic view of a 
fungus growing on a corn 
root The round bodies are 
fungaf spores, the threads 
are fungal hyphae, and the 
green color is from dye- 
tagqed gfomalm. the glue 
that holds soil particles 
together* Photograph by 

Sard VVrtqht US PA AR5 
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Cation exchange capacity 


,n m i-tides, not m humus, curry elec.nca. charge . These pamd s are 

f't d r ones, anions. Positively charged particles are electrically attached 
Livelv charged particles. This is exactly what happens when opposite 
“ ds of magnets attract each other. When a positively charged cat, on attaches 
itS elf to a negatively charged anion, the cation is “absorbed’ by the an, on. Even 
microorganisms in the soil are small enough to canv and be influenLt'd by 


electrical charges. 

Sand particles are too large to carry electrical charges, but both day and 
humus particles are small enough to have lots of negatively charged anions 
that attract positively charged cations. The cations that are absorbed by clay 
and humus include calcium (Ca ++ ), potassium (K + ), sodium (Na ), magne- 
sium (Mg ++ ), iron (Fe + ), ammonium (NH4 + ), and hydrogen (H + ). These are all 
major plant nutrients, and they are held in the soil by two components of good 
soil, the attraction of these cations to the clay and humus particles is so strong 
that when a solution containing them comes into contact, the attraction is sa- 
tiated and only about 1% of the cation nutrients remains in solution. 

There are anions in soil as well. These include chloride (( I ), nitrate ( NO ? ), 
sulfate (SO, '), and phosphate (P0 4 - ) — all plant nutrients. Unfortunately, soil 
anions are repelled by the negative charge on clay and humus particles and 
therefore stay in solution instead of being absorbed. These plant nutrients are 
often missing from garden soils, as they arc easily leached away in the soil solu- 
tion when it rains or soil is watered: nothing is holding them on to soil surfaces. 

Why does this matter? The surfaces of root hairs have their own electrical 
charges. When a root hair enters the soil, it can exchange its own cations for 
those attached to clay or humus particles and then absorb the cation nutrient 


SOIL TEXTURE 

CEC (MEQ/1Q0G) 

Sands (light colored} 


Sands (dark colored) 

1 10-20 

Loams 

- 

10-15 

Silt loams 

15-25 

Clay and clay loams 

20-50 

[Organic soils 

— 

Cation P Vf b 5 m m . # 

50-100 J 


capacities lor various soil textu 


res. Courtesy Tom Hoffman Graphic Design. 
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involved. Roots use hydrogen cations (H + ) as their exchange currency, giving 
up one hyd rogen cat ion for every cation nutrient absorbed. This keeps the bal- 
ance of charges equal. This is how plants 1 eat.” 

The place where the exchange oi a cation occurs ; known as a cation ex 
change site, and the number of these exchange sites measures the capacity of 
the soil to hold nutrients, or the cation exchange capacity (CB ). \ soil’s < ?E< 
is simply the sum of positively charged nutrient replacements that it can ab- 
sorb per unit weight or volume. CEC is measured in milligram equivalents per 
100 grams (meq/lOOg). What the gardener needs to know is that the higher the 
CEC number, the more nutrients a soil can hold and therefore, the better it is 
for growing plants. The higher the CEC, the more fertile the soil. You can or- 
der a CEC test to be run by a professional soil lab. 

The CEC of soil depends, in part, on its texture. Sand and silt have low 
CECs because these particles are too big to be influenced by an electrical charge 
and hold nutrients. Clay and organic particles impart a high CEC to soils be- 
cause they do carry lots of electrical charges: the more humus and, to a point, 
day present in soils, the more nutrients can be stored in the soil, which is whv 

gardeners seek more organics in their soils. 

There are limits to a good thing. Don t forget that clay particles an. cx 
tremely small, too much clay and too little humus results in a high CEC but lit 
tie air in the soil, because the pore space is too small and cut off by the da 
platy structure. Such soil has good CEC but poor drainage. 1 hus it is not 
enough to know the CEC alone; you have to know the soil texture and mixture. 


Soil pH 

Most of us have a basic understanding oi pH as a way to measure liquids to se 
if they are acid or not. On a scale of 1 to 14, a pH of 1 is very acidic and a pH 
of 14 is very alkaline (or basic), the opposite of acidic. The pH tells the concen- 
tration of hydrogen ions (H + , a cation) in the solution being measured It >ou 
have relatively few hydrogen ions compared to the rest ot what is in st 
the pH is low and the solution is acidic. Similarly, if you have a lot of hydrogen 
ions in solution, then you have a solution with a high pH, one t at it 

As a gardener, you (fortunately) don’t need to know much more ukm t^ 
You do need to understand, however, that every tune a plant root tip exc _ 
a hydrogen cation for a nutrient cation, the concentration of hydrog 
Ihe solution increases. As the concentration ot 1 1 goes up. t w p * c 

_ . 11.. UUnw nut. hoWeVOl, K 
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,„ions as the medium of exchange. Adding OH“ to the solution lowers the pH 
{that is, soil is increasingly acidic) because it lowers the concentration of H\ 
Fungi and bacteria are small enough to have cations and anions on their stir- 
lacel electrically holding or releasing the mineral nutrients they take in from 
decomposition in the soil. This, too, has an impact on the pH of the soil. 

Why is pH a consideration when we talk about the soil food web? The pH 
created by nutrient-ion exchanges influences what types of microorganisms 
live in the soil. This can either encourage or discourage nitrification and other 
biological activities that affect how plants grow. As important, each plant has 
an optimum soil pH. As you wilt learn, this has more to do with the need of 
certain fungi and bacteria important to those plants to thrive in a certain pH 
than it does with the chemistry of pH. 


Knowing your soil’s pH is useful in determining what you want to put into 
your soil, if anything, to support specific types of soil food webs. And knowing 
the pH in the rhizosphere helps determine if any adjustments should be made 
to help plant growth. 


The rest of Part 1 covers the biology that lives in the soil. You have to appreci 
ate the soil first, however. 


Chapter 3 

Bacteria 


B acteria are everywhere. Few gardeners appreciate dial they are crucial 
to the lives of plants, and fewer still have ever taken them into consid- 
eration. Yet no other organism has more members in the soil, not even 
close. In part, this is because these single-celled organisms are so minu-scuic 
that anywhere from 250,000 to 500,000 of them can fit inside the period at the 
end of this sentence. 

Bacteria were the earliest form of life on earth, appearing at least 3 billion 
years ago. They are prokaryotes: their DNA is contained in a single chromo- 
some that is not enclosed in a nucleus. Their size, or more precisely their lack 
thereof, must be the main reason our familiarity with bacteria is usually lim- 
ited to the diseases they cause and the need to wash our hands before eating. 
Most baby boomers used a standard-issue 1000 power microscope stud' 
microorganisms, but bacteria are too small to see in any detail at this power. 
School microscopes have gotten better, and some luckv students now do get a 
closer look, literally, at bacteria. The three basic shapes, all represented in the 
soil, are coccus (spherical or oval), bacillus (rod-shaped), ait'.: spiral. 

Bacteria reproduce, for the most part, by single cell Hi', ision; that is one -ell 
divides and makes two cells, they each divide again, and so forth. Amazingly, 
under laboratory conditions, one solitary bacterium can produce in the vicin- 
ity of 5 billion offspring in a mere 1 2 hours it they have enough tood. If all bac- 
teria reproduced at this rate all the time, it would take only a month or so to 
double the mass of our planet. Fortunately, soil bacteria are limited b\ natural 
conditions, predators (protozoa chief among them), and a slower reproductive 
rate than their laboratory cousins; tor example, bacteria must have some form 
of moisture for the uptake of nutrients and the release ot waste. In most cases, 


moisture is also required tor bacteria to move 


about and to transport the en - 


zymes they use to break down organic matter. When soils become too drv. 
many soil bacteria go dormant. Bacteria, incidentally, rarely die of old age, b 
usually eaten by something else or killed by environmental changes and 
then consumed by other decomposers, often other bacteria. 
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Primary decomposers 

Despite their tiny size, bacteria are among the earth’s primary decomposer of 
organic matter, second only to fungi. Without them, we would be smothered 
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three basic shapes of 
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cause bad smells. In fact } the actinomycetes (of order Actinomycetales, ecif- 
ically the bacterial genus Streptomyces) produce enzymes that include volatile 
chemicals that give soil its clean, fresh, earthy aroma. Anyone who has gar- 
dened recognizes this smell, the smell of ‘good soil” 

Actinomycetes are different from other soil bacteria: they actually grow 111- 
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We don t mean to suggest you need to memorize the species of soil cte- 
ria, but we do want you to focus on the fact that nitrogen fixation as well the 
recycling of carbon and sulfur requires the interventions of living organ isms. 
These are always taught as chemical processes, but they are really bi cal. 
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ity above 7, and nitrification can occur. If not, the ammonium first produced 
by organisms in t he soil is not all converted to nitrate form. If the pH is 5 or 

lower, very little if any of the ammonium is converted. 

Denitrifying bacteria convert nitrogen salts back to N 2 , which escapes into 
the atmosphere. Obviously, denitrifying bacteria do not help the fertility of 


ns 

3 

O 

3 

CfQ 


cr 

a 

n 

a> 

i-i 

a' 

f * 

3 

a 

3 

p 

►n 

fb 

P 


n> 


Cl. VS 

vT o 


ri 

ft 

Vs 

"a 


o: ns 


Cr ° 

'l — * 


ms 

a 

R 

f 

f* * 

n 

rT 

in 

r-t 

O 

OQ 

ns 

r-h 

3T 

n> 


n> 

vs 


3 

ft 


*rd 

X 

P- 

o 

>rd 

& 

cr 

2 - 

o* 

'-j 

« 

to 

p 

r> 

r-f 

n> 

i-i 

■— * - 

a 


ns 

Xt 

h 

O 


vs 


3 

fD 


3 

n 

ns 

ns 

ru 

vs 

ft 

tr 

a 

ffi 


cr 

os b 

R* 

< 

i— » ■ 

o 

h— 1 . 

■ 


P 

id 

rd 

ft 

P 

CO 

i—h 

0 
cr 

1 

ru 

p 

*Td 

X 

p 

cr 

o 

ft 

« 

H 

pr 

p 

CO 

3^ 

rf 

3" 

n> 

►i 

n> 


p 

fD ^ 


o 


vs 

P 


ft 

# 

pr b- 

fD 5 

3 ^ 
n 


3 , IT 


’vj 

O 


n> 

vs 


cr Z 


fD 

n 

O 

3 

< 

ns 

i-* 

5" 

3 

O 


R 

O 

C3 

fD 

3 


a 

n 

ns 


a 

O-i 

o 

3 

O 

ft 

era 

ro 

H 

fD 

R 

P_ 

-7 

i* 

a 


o 

VJ 

I 


(— < * pi 


P 

Cc 

>< 

3 

fD 

3 

ft 

S’ 

3 

fD 

a- 


R 

P 

rt 

ns 

vs 


n 

fD 

3 

< 


a> 

R 

ns 

fD 


* 

5 

►— * * 

p 

H ■ 

VS 

cr 


P 

P 


P 

n 

ft 

fD 

R 

P" 

p 

■> 

f 

R 

P 

rf 

fD 

cr 

a 

o 

fD 


v* 

vs 

"m 


Pi 

o 


< 

fD 


3^ 

o 

a 

3 


fD 

vs 

a 

a> 

R 

fD 

a 


3 

aq 

Q" 

a 

n 

fD 


c: 

Vj 

3 


3h 

aq 

R 

fD 

Vs 

P 

vs 




< 

< 

fD 

V 


fD 

r\ 


Pi 

■ 

r— * 

V 

O 


CO 2 


fD 

r-. 


fD 


fD - 


fD - £ 

Z o 2 


fD 

O 

O 


" aq 
o 


'O 

O 

V, 


a 


rv 

a 


O R 


c 

3 g 

i— * Q 


a. c 

a 

p 


r ac 

O rf 

aq 

fD 


V 

o 

■ 

n 

K. - 

vs R 


O 

V 

C 


S 8 

S' 3 

O dd 


era 

# 

Z 

ft 


ft 

a 

vs 

ri 

*G 

R 

c 


i 


o 


fD 

n 


n 

^ < 
n 


R fD 


vs 


O 

a 


fD 

d 

a" 


2 

3 

nJ 

V 

i 

ft 

o 

c 


P^ 

p 

rf 

n 

f * 


3 


L-s- 

R 

3 

— 

1 1 r g* 

a . 

R 

/Tj 

o 

P- 

r> 

rf 


V 

n 

p 

p 


era 

V. 

p 

_> 

p" 

O 


ft 

r *1 




n 

fD 

v 

v 

ns 

V 


fD 

Vi 


Hi U- 
R V 


H3 

m 


it — j 

S 


3 

n 

3 

ft 

p 

o 

3 

< 

fD 

rf 

in 

_f « 

R 

rf 

rf 

rf 

3^ 

p 

2. 

ft 

r’ 

p 


fD 

n 

5^ 

3 

i 

rf 

R 


fD 

in 


fD 

5 

o 

to 

ip 

> 

in 

fD 

n 


fD 

cr 

a 

n 

rf 

fD 

R 

P* 

I 


c 

CL 

P 

ft 

ft 

CL 

O - 

< 

Td 

—! 

o 

rf 

O 

N 

o 

p 

p 

p 

CL 


o 

p 

p 


Z 

X 


-r P 


P' 

ft* 


V. 


+ & 1 


*-3 

z 

CO 

p 

3 

3 

o 


in 


yf 


fD 

v 

O 


fD 

a 


T 3 

v 


aa 

rt * 

n 

—i 

a' 


c 

era 

**f 

to 

ac 


a 

p 

3 

M 

■ 

V 

d - 

M 4 - 

►f 

P 

c 

f 

fi/s 

4 

«B 

n j 

cn 

R 

O 

£L 1 

3 

a i 

3 

iN^- * 

Cu 

f 

w 

vs 

3 

[ — - ■ 

V 


4 ^ 

SO 




fD 

t-t 

o“ 

p 

n 

Fd 

5* 

# 

H 

D“ 

o 

to 


o 

0 

Hr 

M 1 * 

3 

sr 

N 

P 

fD 

O 

CO 

p 

CD 

X 

3 

•-< 

3 " 

p 

fD 

cr 

fD 

•-i 

fD 

V 

*1 

O 

fD 

O" 

n 

Hi 

||_^ n 


n 

cr 

o 


p 

05 

O 

cr 


o 

p’ 

x 

O 

Cl 


n 3 

, n 

o 


V 

P 

n 

r-r 

o 

S' 

n 

A-j 


cr 

O 

P 

'Si 

o 

Q_ 

ns 

r-. 


Ei 

n 

C 


o 

” 

r+ 

G 

a: 


-i 

ft 


O 

B 


n> 


P 

r-f 

cL 

31 

ns 

t— i 

fT j 


p 

i 

L -4 

oq 



a> 


V 

o 


Go 

o 


cr 

o 

o 


05 


o 

CTQ 

a 

G 
p 

Crt 

P 

B 

g* 3 

^ o 

G 

K * * 

es 
5 


CO 

n 

re 

G 

3 


i—* 1 

co 

CO 


< 

o 

•-i 


C/5 P 

C CTQ 

O O 

sr % 

o 

CL 


P 

*-i 

V 

pi 


S3 

C/5 


O 

o 


L» )—? 

O ^L 

O JT 

o + 


C/5 

o 

Pi 

3 

Pi 

CT 

co 

O 

CT 

3 

3 

H 

H ■ 

o 

3 

r-h 

CO 


O 

O 

N 

O 

Pi 

v 

"H- 

pr 


3 

o 




o 

cr 

pi 

n 

r+ 

O 
Hi 
(— — < * 

Pi 

P> 

o 

?r 

7; 


o 

H 


P 

CO 

r-f 

O 

CO 

J 


O 

CO 

n 

O 

3 

co 

ri 


$ 

Cr 


Pi 

O 


o 

33 

O 

Co 


O 

CL 


O 


03 

cr 

p 

n 

n> 

p # 


-t 

CL 

nT 

P 

CO 

M ■ 

a 

CTQ 

o 

o 

<o 

Vi 


O 

n* 

g; 

r-f 

X 

o 

Hh 


3T 

o 

o 

o 

co 


W 

ET 

o 


O 

>-i 

rjq 

Pi 

3 

i 


CL 

r-h 

3T 

O 

Hi 

o 

w * 

CO 

p 

3 

x»_ 

rT 

CO 

O 

n 

H 

n 

o 

o 

*-h 

cr 

p 

n 

r+ 

o 

N* *■ 

P 

& 

O 

CL 


ns 

Ht 

O 

o 

<”► 

N 

O 

3 

n> 


Hi 

3 

3 

n-t 


n> 

cr 

p 

n 

ri 

O 

H 
►-* * 

P 

P 

»-i 

O 

fD 

P 

r"H 

O 

3 

p 


3 

CL 

o 

o 

CL 


CL 


o 


3 

n 

n> 


0 

p 

co 

'-*+ 

n> 

CO 

1 

ST 

5* 

o 

o 

co 

2. 

cr 

p 

n 

o 

H 

S' 

CL 

o 

3 


o 

Cl 

*-4 i 

g 

CO 

cl 

fD 

3^ 

n> 

cr 

p 

n 


p 


■j n> 


C 

3 

I 


ro 


N 

rD 

CO 


05 

3 

P 


>— * * 
3 


r™h 

r-t- 

3T 

or 

fD 

re 

Co 

00 

re 

o 

G 

■■ t 

c 

r-h 

5‘ 

i 

cn 

1 

fD* 

r j 

re 

3 

G 

*— h 

CL 

CO 

IimJ * 

O 

H-hj 

r 

|= 

cr 

nr 

2 

re 

5‘ 

r*H 

■H * 

era 

re 

CL 

p 

G 

CO 

10 

tr 

Ni 

fD 

a 

Cl 

P 

p 

3 


O 

p 



31 

N 

p 

V) 


cn 

■ 

3 

n 

a 

3 1 

H5 


n 

O 

a 

3 

r3 

o 

CO 


cr 

ro 

i—* ■ 
CO 

fD 


a* cl 


p 

n 

fD 

P 

P 

ft) 


n 

3 

CO 

2. 

s 

co 

P 

r*+ 

P 

n 


fD 

CL 


3 

CTQ 

O 

*1 

CTQ 

P 

rT 

3 

p 

r-f 

fD 

P 

3 

CL 

a 

r+ 

P 

5" 

3* 

era 


Co 

o 


cr 

n> 

3 


Crt 


^3 

S 1 ' ^ 

fD ^ 


fD 

u * 


co 

p 

XJ 

X5 

fD 

P 

P 

co 

p 

*-i 

fD 

Co 

3 


O 

H-h 

rT 

p 

n 

cr 

m * 

3 

era 

H 

tr 

fD 

CL 

o 

CO 

O 

cr 


W 

p 

n 

fD 

M * 

P 

S" 

p 


p 

o 

o 

fD 


X3 


P 

3 


n 

p 

CO 

fD 


S. HT 

n> 


n 

fD 

CO 


r 5 


aq 

fD 

co 


n 
2 

E ^ 

Hi fJQ 


o 

ns 

* 

H 

tr 

n> 

O 

o 

5*r 

G 

13 

G 

G 


n> 

G 

Co 


n 

3 

a> 


rv 

SSL 


r y 

P 

f — ^ 

ori 


CO 

fi 

" I 

3 

n 

r - 1 - 


n> 

co 


cr 

fD 


Cr 

p 


aq 


ro 




73 

O 

Cr 


v 

O 

13 


5 

■ 

3 

n‘ 

3 

cr 

fD_ 

D 1 

1 

# 

o 

tB 


p 

P 

c 

“i 

fD 

3 

fD 

fD 

3 

o 

cr 

c 

fD 

to 

CL 

n 

Cl 

“i 

fD 

"< 

to 

CL 

f“H 

MM A 

CU 

P 

to 

f—l* 

v- 

2 T* 

"O 

fD 

O 

to 

rH- 

l i t 

o 

CQ 

3 

— * 

fD 

tki 


"O 

P 

D" 

o 

"< 

p 

73 

l £2 

DJ 

"O 

S 

■■ 


r"H 


LT> 

n 

Ci5 


» CD 

B EL 

P fD 

C n 

fD ^+ 

— O 
13 3 

to 

a) 3 

n 3 . 

r-^ O 


p 


o 

LQ 


to p) 


LO 


Ql 

p 


cr cu 

fD 


to 



O 


3 

P 

CQ 

a> 

n 

o 

X5 


00 

p 

n 

rf 

fD 

§L 

O" 

o’ 





to 

P 
+ 

D_ 

fD 

to 

to 

to 













Teaming with Mit rol 





3 


0 

n 

3 

r-?- 

0 


Si 


'-1 

p 

Cl 

0 

Sh 

rp 

3 

co 

0 

co 

<— * * 
On 


0 

H 

c« 

TJ 

Pi 

n 

0 

3 

3 

CL 


Si 
— t 

O0 

0 


cr cr 

Si rp 

o 

rt 
0 


3 

CT 
0 

O - 


0 

CO 


Pi 


Si 
rp 

Si r-f 


ft 

rp 

Hi 1 rS 


0 

3 

r-t 

CO 

« 

0 

Si 

►■i 

0 


3 

O 

3 

T3 

Si 

r+ 

tr 

o 

cjq 

0 

3 


cr 

3 

3 . 

1 

«■— 

3 " 

0 

3 

0 

0 

3 

3 

* 

0 

GO 

d 

O 

3 

CO 

j 

■r-’T 

O 

£ 

*-h 

1— *■ P 

■r+ 

sr 

O 

3 

O 1 

qr 



Oq 


0 


O 

3 


rp 


rt- 

\-> 

re 

cr 

ai 

Cl 


O era 

T‘ C 

CL ^ 

r& (« 


S 

n 


o 

1— * * 

0 

0 

3 

cr 

< 

3 

3 ’ 

n 

n 

0 

0 

HJ 

p . 

(bmi A- 

01 

1 — r 

tr 

O 




0 

c 

CO 

O 


CL 

<j' 

0 

c o 

M * 

rt 

X 

O 


rp 

i— i 
lJ 

CO 

0 


3 

00 


rp 

n 

Fr 

# 

a 

Si 

H 

p . 

0 

3 

rp 

CO 


rp 

0 

CL 


0 

CO 

o 


o 

Cl 

re 


rc 

rt 

5 

era 

XJ 

CO 


o 

era 

ft 

w 

n 


CO 

0 


CO 

3 

Si 

r“T 

3 

i 


cr 

Si 

n 

r-h 

0 

•-t 


cr 

Si 

n 

f^ 

a 

►— i * 

Si 


i — r 

3 

0 

CO 

Si 

►i 

0 


O 

0 

0 


ft 

CL 

r^t 1 

o 


H0 

rv 

0 

co 

Si 

3 

CL 


c 

CO 

FT 

0 

0 

"O 

0 

Si 

O 

^r 


Si 

3 Pi 


0 

0 

Co' 

rt 

o 

rt 

d 

3 


Co 



mo«A5 bacteria can correct take-all, a disastrous fungal wheat disease, by pro- 
ducing phenazines, very strong, broat I -spectrum antibiotics. Obviously, many 
soil bacteria keep pathogenic bacteria in check, a big benefit of a healthy soil 
food web. 

All bacteria compete with each other and with other organisms for the fi- 


that will eat gasoline spilled on your lawn, for example. 

Soil bacteria produce many of the medicinal antibiotics upon which we 
have come to depend. One can only speculate that since these bacteria have to 
compete not only with other bacteria for nutrients but also with fungi and 
other organisms, they evolved protective capabilities. For example, Pseudo- 
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Fungi produce special structures — for example, mushrooms above ground 
or truffles below — to disperse spores. Since fungi grow in all sorts of environ- 
ments, they have devised some elaborate methods to achieve spore dispersal, 
including attractive scents, triggers, springs, and jet propulsion systems, Jo en- 
Min sin vival, lungal spores can develop tough membranes that allow them to 
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elude protozoa: protozoa are considerably bigger than the tunnels. 

Fungi are the primary decay agents in the soil food web. The enzymes they 
release allow fungi to penetrate not only the lignin and cellulose in plants 
(dead or alive) but also the hard, chitin shells of insects, the bones ol animals, 
and — as many gardeners have learned — even the protein of strong toenails 


nutrients contained within them become available to other membeis of the 
soil food web. But when fungi die, their hyphae leave a subway system of micro- 
scopic tunnels, up to 10 micrometers in diameter, through which air and water 
c an flow. These “tubes” are also important safety zones for bacteria trying to 
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fertilizer, phosphorus becomes unavailable to plants within seconds. Not only 
do fungi seek out this necessary plant nutrient, but they have the ability to bee 
it from its chemical and physical bonds. Then iiey transport theii quail y back 
to plant roots, where the phosphorus is absorbed and utilized. 

Don’t forget that in those instances where a fungus brings food back to a 


exudates. Thus the same fungus can extend hyphae downward and outward, 
absorbing several crucial nutrients — phosphorus, copper, zinc, iron, nitro- 
gen as well as water. In the case of phosphorus, for example, tire propensity 

of fu ngi to gather and transport it over distances is t ruly remarkable. This min- 
eral is almost always chemically locked up in soils; even when it is applied as 
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Soil fungi also form two extremely important mutual relationships with 
plants. The first is the association ot certain tungi with green algae, which re- 
sults in the formation of lichens. In this symbiotic relationship, the fungus gets 
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ers. We now know the extent of our ignorance: at least 90% of all plants to 
mycorrhizae, and the percentage is probably 95% and even higher. Wha 
worse, we learned that these relationships began some 450 million years a 
with terrestrial plant evolution: plants started growing on the earth’s suri 
only after fungi entered into relationships with aquatic plants. Without rr 
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fungi- These actually penetrate and grow inside roots as well as extend outward 
into the soil. Endomycorrhizal fungi are preferred by most vegetables, annuals, 
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difficult, think about the fungi that penetrate bathroom tile, and know that 

some fungi can penetrate granite in search of food. 

This entire book could be filled with descriptions of fungi that get their nu- 
trition at the expense of living plants. This is not our purpose— only that you 
realize that soil is loaded with fungi, a concept most gardeners readily grasp be- 
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Slime mold swarms can look like dog vomit. Photograph by Tom Volk, University of Wisconsin- 
Crosse, www.TomVolkFungi.net. 











Myxamoebae stage of slime mold on grass. Courtesy B. Clarke. Reprinted, with permission, 
from http://www.apsnet.org/, American Phytopathological Society, St. Paul, Minnesota. 
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Chapter 6 

Protozoa 
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Amoebae, ciliates, and flagellates 

Protozoa come in three basic “models.” First are the pseudopods, single- celled 
animals with amorphous forms most will remember as amoebae. These are 
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A few flagellates, like euglena (the “classic” freshwater flagellates of pond 
water), produce their own food via photosynthesis and are thus autotrophs, 
most, however, are heterotrophic, obtaining nutrients from eating and digest- 

ing other organisms in the soil. 
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have been identified t bus far, and scientists suggest there may be as many as 1 
million species in total. They are everywhere, yet most gardeners know little 
about them save the parasitic ones that damage roots. 

Our teaspoon of good soil teeming with microbial life averages about 20 
bacteria-eating nematodes, 20 fungal feeders, and a few predatory and plant- 


showstopping 30 feet (9 meters). Fortunately, this nematode lives in the pla- 
centa of sperm whales, not in soil. 

These fascinating roundworms are actually the second most dominant 
form of animal life next to the arthropods. Over 20,000 species of nematodes 
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through soil until they find the right temperature gradient and continue to 

travel along it until they bump into their preferred food. 

Others find food by sensing particular chemicals associated with them. 

Once they are on the scent, they act like heat-seeking missiles, locking in on 
their prey and attacking. Our favorite fungus, the one that captures nematodes 
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skin of nematodes, this exoskeleton provides protection and a lightweight 
structural frame (an internal skeleton is considerably more complicated and 

heavier). As arthropods grow, they shed their exoskeleton and grow a new, 
larger one. 

Arthropods usually have three (but may have only two) body segments, 
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soil food web. Here, we list the classes, as a start: 


scientific nomenclature as well. Bear with us for the little we do use. 

Gardeners are agreed that using scientific names, usually derived from 
Latin or Greek, is truly the only way to accurately identify a plant; but most 
have not learned the alphabet soup of words scientists use to classify members 
of i he phylum Arthropoda, whose members have the greatest impact on the 
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Millipede foraging on soil. Photograph Female Mormon cricket. Photograph by Michael 
by Frank Peairs, Gillette Entomology Club. Thompson, USDA-ARS. 
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the construction of tunnels and mounds that distinguish both termites and 
ants from other microarthropods. In constructing their homes, ants and ter- 
mites mix surface and subsurface soil. In the case of ants, up to six tons oi soil 

* 

may be mixed a year. In tropical areas, the contribution ant and termite 

■ 

ity makes to the mixing of soil is greater than that of worms. Ant and termite 
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Although earthworms have no eyes, sensory cel Is in their skin are very sensi- 
tive to light. Their mouth, or prostomium, is a fleshy pad that looks somewhat 
like an extended lip; it, along with the worm’s pharynx, is extremely muscular, 
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food web community, which recycles it into nutrients. They also carry mi- 
crobes on and in their bodies and feet from one location to another, and at 
death their carcasses are decayed by soil life. 

The activities oi larger animals are more easily observed and thus better 
known than those of other food web members; but like all forms of life, their 
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Chapter 12 

How the Soil Food Web 
Applies to Gardening 
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food web, nitrates and ammonium (NH 4 ); and— as in most things in life when 
there is a choice — some plants prefer their nitrogen as nitrates while others 
prefer ammonium. 

When nematodes and protozoa consume fungi and bacteria, nitrogen is re- 
leased in ammonium form in the waste stream. Ammonium is quickly oxi- 
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Plant succession, from the weeds on bare soil to old growth 
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and the plant J i f e they support, fungal spores finally have enough nutrients at 
hand to germinate. With a place to take hold and the resources to support 
themselves, the resulting fungi thrive. 

Many other factors are involved, but to stick to what concerns us: as plant 
life and the soil food web become more varied, fungal numbers increase and 
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Take a census 

Did we say soil food webs, plural? At this point in the nook, this should not be 
a big surprise. Different plants produce different exudates that attract different 
bacteria and fungi. ' 1 lese in turn attract varying predator organisms. So, as you 
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Chapter 13 
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to be going by at the time the traps are set, but it is a snapshot of at least the 
mobile members of the soil food web. A diverse and numerous population of 
microarthropods in the catch basin of a Berlese funnel is a good sign things are 
on track and suggests good populations of microorganisms too are present. 
Similarly, a lack of diversity and numbers should cause some concern; you’ll 
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Sample 

# 
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Bacterial 
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Fungal 
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Fungal 

Hyphal 
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Biomass 

Biomass 

Biomass 

Biomass 

Diameter 

Numbers/g 

Numbers 



Material 

(pg/g) 

(pg/g) 

(M9/gL_ 

(M-9/g) 

(M m ) 

Flagellates Amoebae Ciliates 

#/g 

363 

NW Vermi 

0.31 

188 

4,002 

46.0 

4,928 

2.75 

1,136.894 146,682 1,831 

48 1 
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KIS- Thermal 
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32.7 

5,959 

3.00 

469,291 19,478 1,557 

67.2 

Bold 


Both Too wet: 

Both 

Both 

Both 

Both 

Community 

Excellent protozoan numbers. 

Good numbers 

Means Low 


allow 

Excellent. 

Excellent. 

Excellent. 

Excellent. 

of 

This material will provide 

and diversity. 


material to 





disease- 

a good inoculum of protozoa 




dry out a bit, 





suppressive 

when applied to the soil. 

Possible 



to prevent 





fungi 


switchers present 



anaerobic 





present in 

High ciliate numbers indicate 

Need to maintain 



conditions. 





both. 

good structure in the compost. 

adequate fungi 









The aggregates may be 

to protect plants 









anaerobic on the inside, 










but as the anaerobic materials 










diffuse out of the aggregates. 










they encounter aerobic conditions 










as indicated by the high numbers 










of flagellates and amoebae. 










This indicates a broad diversity 










of microsites, and therefore 










excellent diversity of bacteria and fung 



Desired 

Range 

0 45 - 
0.85 

15 - 
25 

100 - 
3000 

15 - 
25 

100 - 
300 

(A) 

10000 + 10000+ 50- 

100 

20 - 

30 


Can haVe aCt,Vity rarigin9 from 10 10 100% - Matur e compost should have activity between 2 to 10%, 

A - Hvnhai J ^ a > * T aSS ^ e P en ^ s 9 r0a ^y on the plant being grown. Desired range given here is for a 1:1 compost. 

u ^ dlcates most, y actinomycete hyphae, 2.5 indicates community is mainly ascomycete, typical soil fungi for grasslands, 
S&atznn mnic ? f !? 0r ind * cate com niunity is dominated by highly beneficial fungi, a Basidiomycete community. 

If samoi« infnrmff S °' an ^ or 9 an| c matter must be considered in determining optimal foodweb structure. 

One reoort is sen/tn th U ° ^ ^ es ^ da ‘ fertilizertil l a S©i irrigation are not included on the submission form, sender's locale is used. 


^ , , r 1 imyauun 

All 6 h POrt <S sen 0 the ma ' ling address on the submission form 
All submissions receive free 15 minute consultation, call 1-541 .752 Jtn«R 


immature compost can have activity ranging from 10 to 100%. Mature compost should have activity between 2 to 10%. 

Funoal activity and biomass depends greatly on the plant being grown. Desired range given here is for a 1:1 compost. 

A ' Hyphai diameter of 2.0 indicates mostly actinomycete hyphae, 2.5 indicates community ts mainly ascomycete. typical soil fungi for grasslands, 
* diameters of 3 0 or higher indicate community is dominated by highly beneficial fungi, a Basidiomycete community. 

Season moisture soil and organic matter must be considered in determining optimal foodweb structure. 

If sample information, such as pesticide, fertilizer tillage, irrigation are not included on the submission form, sender's locale is used. 

One report is sent to the mailing address on the submission form. 

All submissions receive free 15 minute consultation, call 1-541-752-5066 

00363: Mature compost from NA, Smell: Mild. 

For use in tea brewing. 

00364. Mature compost, mild odor 


Sample Assay Notes 

363 Activities Actinos present 

3$3 xf Good diveristy and hyphae diameter ranging from 1 .5 to 8.0 

364 XF. Great diversity with diameter ranging from 1 .5 to 20 and mostly 3 and lots of long hyphae 


Organism Ratio s 

Sample Unique 

# ID 


363 NWVermi 

364 KIS'Thermal 


Total Fungat 
To 

Total Bacterial 
Biomass 
1.23 
2 72 


Active to 
Total Fungal 
Biomass 


0.01 
0 .01 


Active to 
Total Bacterial 
Biomass 


0.05 
0 21 


Active Fungal 
to Active 
Bacterial 
Biomass 
0.24 
0.07 


Plant Available 
N Supply 
from Predators 
(Ibs/acre) 
300+ but 14 loss 
300+ but N loss 


Root-Feeding 

Nematode 

Presence 


None detected 
None detected 


Fungal dominated Fungal 

compost, component 

suitable for is mature 

variety of plum 
applications 


NW vermi / 
bacterial 
component is 

mature. 

Kis thermal 
Not mature. 
Wait to 
apply this 
material 
until 
activity 
drops 

below 10%. 

Material 
is currently 
suitable for 
making tea 


Compost 
will become 
more bacterial 

with time. 


Excellent 
nutrient cycling 

N loss 
results from 
anaerobic 
conditions, 
as indicated 
by high 
dilate 
numbers 


Possible switchers 
present 

Need beneficial 

fungt and 
nematodes 
to combat 
these pest 
conditions 


Desired 

R ange 


-(1) 


*( 2 ) 


*( 2 ) 


*(3) 


*(4) 


'( 5 ) 


m She following oisnts. Grass:0.5-1.5; Berries. Shrubs, grape: 2-5; Deciduous Trees: 5-10: than 0 10 

I Active organisms in mature compost should be below 0 10. Compost is not mature, i.e„ not stable, if greater 


if.,, nAPit ici 


Nematodes per Gram of Compost 



363 

364 

Bacterial Feeders 

Butlerfus 

4.86 

1 04 

Cuticularia 

7,42 

14.62 

Eucephaiobus 


0.35 

Mononchoides 

0.77 


Plectus 


1.04 

Rhabditidae 

1.53 

1.04 

Rhabdolaimus 


0.35 

Fungat Feeders 

Aporcelaimus 


0.36 

Mesodorylaimus 


0.35 

FungaMRoot Feeders 

Aphelenchus 

0 26 


DUylenchus 

0,26 

0,70 
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may have to completely reestablish soil food webs; this may take a yeai oi moit. 
Gardeners who have been “organic” usually need only to tweak theii estab- 
lished food webs, employing some new practices and intensifying othei s. 

Its simple. Compost, mulch, and compost tea are the soil food wet gai 
dener’s tools, and it takes only three strategies to restore the soil food web using 
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Chapter 14 

Tools for Restoration and 
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Compost contains the key soil food web organisms 
nutrients. Courtesy Tom Hoffman Graphic Design, 
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chemicals because there was a dearth of manures and thus compost. 

Making and using compost has made a st rong comeback among home gar- 
deners and has even become politically correct: composting conserves valuable 
landfill space by recycling at least some of our household wastes. Dozens of 
compost bins are commercially available, and a like number ot books can tell 
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of the pile just enough to wake up the higher-temperature, mesophilic organ- 
isms so they can take over. 

Organisms in the second stage of the composting cycle, the thermophilic 
phase, can withstand temperatures of 104 to 150F (40 to 65C) and over. Dur- 
ing this period the complex carbohydrates are fully broken down. Some pro- 
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too, work the organic matter in the pile, exposing it to bacteria and then coat- 
ing particles with a mucus that binds them together into aggregates. Ants, 
smiils, slugs, mites, spiders, rove beetles, and sow bugs can come into the pile 
and open up the organic matter as they forage, shredding it and making it eas- 
ier for microbes to attack. The end result of all these organisms going about 
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Professional turns his compost to aerate it. Photograph by 






can make your piles bigger, but the increase in size creates more work, as the 
entire pile has to be aerated or turned at least a few times to keep it from going 
anaerobic. In our experience, a six-foot pile, wide and tall, is about as big as you 
will want without a lot of mechanical help turning and aerating it. 

It is quite easy to make compost literally in a pile, dumping ingiedients 
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composting process. Since you don’t want the pile to be wet (this encourages 
anaerobic activity), make sure to mix wet material with dry material if neces- 
sary. If you are composting in a dry cl i mate, flatten out or make a concave im- 
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help physically break down the matter for the worms. Putting your bin out- 
doors will encourage arthropod and insect activity in it. 


terials as you wor ld to start a normal compost pile. If your material contains 
weeds, thermally compost them first before adding them to the bin; this pre- 
vents unwanted seedlings from growing in the worm bin. Any brown materi- 
als need to be shredded or otherwise broken up, so the worms can ingest it 
quicker. With luck, your materials will also include some microarthropods to 



NJ 

00 


3 

n> 

P 

r+ 

CO 


^3 

P 

03 

rt 

£1 

o 

p 

l-J 


o 

o 

o 

cx 

C/5 


i-t 

5 

CfQ 


C/5 

e 

X5 

X5 

O 

rHh 

|--i ■ 

0 

CfQ 

ao 

o 

o 

D- 


O 

S3 

"-S 

a. 


rt> 

S3 

< 

CD 

C/5 

P 

3 

Cl 

aq 

Ht 

n> 

n> 

3 

CfQ 

■t 

p 

CO 

CO 

y * 

o 

o 

e 

n 

S3 

3 

C 

C/5 

n> 

3" 

Hi 

co 

P 

3 

r& 

3 

P 


P 
r - f 
03 
H 


P 


P 

n 

o 

H * 

P 


CO HQ 
0 


< 

a 

3 


n 

o 

3 

x> 

o 

C/5 


n 

pT 

Cl 

CD 

O 

CL 

S3 

CO 


E 

p 


CO 


r& 

Co 


3 

O 


P 

CO 

O 


X3 

O 

"E" 

co 
p 
r, 
r i 


P 

Cl 

p 

co 

g 

fD 


P 

CO 

n 

p 


cr cr n 

•— 1 * P 

3 3 co 


Cl* 

M 

P 

CO 

p 

3 

CL 

co 

3 

"2- 

nT 

“C 

1— ! 

o 

3" 

^ i * * 

3 

co 


P 

n> 

"a 

n? 

>-« 

H) 

n 


< 

n> 

3 

r. 

O 

3 

x: 

o 

CO 

3" 

P 

CO 

p 


✓N 

n 

rt> 


P 

n 

r+ 

Cl 

C 


3 

P 

3 

n 

as 

v ■ 


Oi 

n 

p 

co 


3 

ac 

CO 


o 

O 

P 


n> 


n 

3 


s# * 


CO 

n 

p 


OQ 

CO 

g 1 


n 

p 


r& 

o 


3 

CO 


o 

>-{ 

M 

3 

CL 

OQ* 

O 

C/5 


^ X3 

_ . ... 




P 


CO 


CO 

X5 

0D 

n 

P 

O/ 

p 


O 


P 

CO 

o 


o 

X 

# 

S’ 

C/5 

o 

c 

o 


c 

o 

t-t 

3 

p 


n> 

P 

co 

#— J 


n> 


p 

n 

r? 

D 

P 


3 

co 


rt» 

p 

CO 

H— ^ 

3 

wJ 

~El 

as 

o 
o 

Cl 

2 c c 


Cr 

o 

rt 


CO 


n_ 

CO 

P 


o 

y: 

ft* 


ns 


Co 

o 

CT 

P 


x * 

S S» 


n 

a, 

CO 

CO 


az 

c 

W^- 

crq 

p 

n 


OQ 

c 

CO 


^r 

OJ 

3 

p 

ns 

CO 

p 

3 

CL 

n 

?D 


CO 


* w 


CO 

^ C; 

O n> 

i-J 




CO 

3^5 

~ g- o 

rti ^ d 

Cl R CfQ 


r * 

CO 




co 

o 


CL 


p 

a 

r-h 

p 

ns 

►n 

CL 




^-4 


o 

o 


3 - 

CO 


P 

CO 

3 

3 

3 


P 

P 

?r 

— 

0Q 

o 

co 

JhsI< m 

< 

P 

ns 



rt 

3 


n 


CO 

Oh 




ft 

iM 


! — 



Vermicompost 



< 

a 

■“* 

on 

> — ■ ■ 

O 


n- 


- 

GfC 

3 

i— - 

n 


Co 

o 


£ 

rt 

ro 

p 

Q- 


© _ 
cr *< 

H-K ™ 

5+i co 


o „ 

o *5 
x £. 

n 

s £ 

cr ^ 
° o 

OQ 

m 


P 

n 

7T 


r& 

Co 

O 


0 

1 
rET 

CL 

oq 

ftr 

rt 

=r 

P 


OQ 

p 

n 
— - 

n 

o 

o 

p 

rt 

r& 

P 

rt+ 

v 

P 

P 

d- 

P 

rt 

rt* 

rt 

p 

n 


oo 

o 


p 

& 

rt 

O 


£ 

P 

rt 

Hi 


CO 

sj * 

JX o 

P o 

^ O- 
Cl 
ro 
n 
p 
"C 


£ 

f& 


o 

or 

Co 


O 

rt 

B 

ro 

B 


PQ 

rt 

O 

ro 

#rt 

Cl 

ro 

CO 

P 

P 

rt 
»--* * 

rt 

ro 

o 

3 

P 

%* 

cr 

P 

rT 

rt 

rt 

rt 

X 

o 


M » 

c 

re 

3 

■H-t 

o 

rt 

< 

rt 

re 

3 

X 

d 

cj 


P 

rt 

re? 

P 


ro 

P 


& 

<7> 

On 


ro 

rt 

P 


co 

a X 
x ro 
2 n> 
c o Cl 


O 

P 


o 

p 

CO 


00 

co 

Si* 

B 

o 

rt 

fO 

3 


o 

> § 


o 

n 

a 

co 

co 

EX 

C/l 


S 

E 


n 

si 


&i 

Vi 

re 


O _ . , 

^ W d 

J o B 

g Pi ro 


Co 

V 

o 


I 

rt 

3 

CO 

P 


3 

E 


n 
=»“ o 

o 


£ 

o 

*-< 

rr 

c* 

O 

3 

X 

re 

On 


rt 

B 


B T3 

n> P 

P c 


3 

r-1- 

O 

d 

3 

X 

<T> 

>-J 

CJQ 

>-t 

0 

d 

3 


era 

(/> 

o 


o 
o 

X 

re 

cr 

cr 


a * ro 

a- 3 

rt ™ 


PJ 

P 


ro 

P 

h 

c o 

P 

P 

CL 

P 

£T 

o 

3 

a> 

3 1 

rt 

n 

fD 

rt 

p 

3 

On 

o 


o' 

0 

O-* 

1 

ro 


ro 

p 

CT 1 ^ 
Ht 

P 

5 ’ 

c^> 


OQ 

O 


oo 

rt 


R 


cr go 

r& h{ 
a> 


^<5 

p j H) 
cr Xj 
ro 


ro 

HI 

P 

Ht 

ft) 


r& 

H| 

ro 

So 


p 

cTT 

O 


ro 

ro 

CL 

H) 


n> 


ro 


P 

OQ 

on 

o 


HJ 

a> 

n> 

N 

rt) 

i 


r+ »T 3 

o „ 

O aq 


d 

p 


on 


i-t 

ro 

p 


p 

r+ 

ro 

CL 

C 

n 

ro 

ro 

p 


p 


i-t** o 

O n 

N 

ro 

3 


3 

d 

o 

tr 

cr 

n> 


■>_* * 


s 

p - 

p 

CL 

n 

p 

xs 


CTj 

6 

00 


<? 

< 


ro 


on ^3 

P o 


p 

on 

r"+ 

o 

d 

C/l 

rt> 


s 3 

g E- 

r cb 

cr cr 

ft) } i m 

On oo 


B ’E era 

s 

B 


r& 

*-t 

n> 


OQ 

ro 

on 

n 

o 


o 

p 


ro 

p 


ro 

ro 


5 

p 

rf- 

o 


n 

o 


ro 

f^ 

o 


n 

o 

3 

ro 

o 

tn 


Sh 

ro 

n 

f-H 

<* 

ro 

p 

on 

n 

O 


h3 

O 

or 

rt 

MK 

O 

M 


• V* 


ft; 

O’ a 
o CL 

o’ 

& 3 
■ 

3* 

a 

C/l 

O 


d 

O* 


Ch 

rt 

on 


on 

O 


3 

llvi- # 

n 

r “ti 

c 

I 

p 

p 

CL 


P 

O 

rt 

o 


2- 

cn 

P 

P 

Cl 

Qb 

ro 


rt 

ro 

CL 

CL 

V-* * 

p 

00 


ro 

V) 

O 


cr, ro 
cr ro 


Cri 

o 

rt 

cr ns 


o 

rt 

00 

p 

p 

M - 

on 

3 

on 

V 

CO 

d 

CX 

ft> 


cr 

o 

3 

d- 


d 

o 

pr n> 

cn 

sy> O 


P 
rt- h 
CT T3 
re t-*. 

cn 
O 


3 

d 

rT 


p 

rt 

3 

d 

n 


ro 

ro 

rt 


cn 

C 


Cr> 


M 

p 

B 

’H. 

r& 


OQ 
O 

o ^ 
ex t; 

3 


n 

O 

3 

P 

o 

rt 

^bI. i 

o 

d 


ns 

< 

n> 

d 


re 

Vi 

5‘ 

c n 

E 

P 

ro 


00 

*53 

rt 

ro 
■ ' 

p 


; — 1 
n 

cr 


o 

< 


n 
p 

C 

on 

ro H3 


P 

rt 

ro 


CL 

ro 

on 


CL 




P 

P 


ro 

On 

O 

M 

P 
Zj 
P ■ 

>3^ 

ro 

rt 

CD 


P 

rt 

ro 

p 

cn 

P 

P 

ro 

p 

rt 

ro 

rt 

P 

►a 

T3 

ro 

p 

rt 

p 

P 

o 

ro 

p 

P 

CL 

ro 

ro 

XJ 

on 

O 


o 

rt 

rtj 

rt 

ro 

d 


> 

E 

o 

rr 

rt> 

C3 

o 

d 

era 

cr 


cr 

05 

3 


*-< 

n> 

*-t 


1 


o 

on 

rt 

ao 

p 

rt 

CL 

ro 

P 

ro 

rt 

on 

P 

rt 

ro 

sr 

B 



on 


rt 

O 

3 

CfQ 

ro 

rt 

3, 

P 

P 

rt 

H 

d 

era 


o 

B* 

re 
>— ! 

re 

B. 

</) 


d 

era 

a 

a> 

P-. 

Os 


LO 

o 

O 

O 

J 


cr 

E a. 

ro 

rt l-Q 

< 
h- 1 - 

P 
00 


p 

n 

ro 

i 

o 

" 

ro 

c/s 


p 

rt 

3 

rt - 

rt 

cr 

rt 

cr 

ro 

t/s 

p 

p 

CL 

P 

rt 

CL 

rt 

ro 

P 

CO 

o 

d 

CO 


p 

Co 

ro 

3 

d 

o 


cr 

re re 


era 
O N 

rth; I 


ro 

P 





P 

B 

S 


aT 

LO 

s# 

CfQ 

rt 

P 

Co 

co 


^ B- 

2> 3! 

X aQ 

rt CO 


P 


O 

Co 

rt 

O 

o 

3 

TS 

o 

on 


tj 

V 


E 

B" 

3 


re 

3 

3 

po 

d 


V 

pi 

3 

X 

I_ a 

*3 

re 


Pi 

era 

ns 

X 

cr 

p 

>-t 

P 

3 

X 

o 

0 

X 

1 

cr 

*5* 

co 

w 

CO 

rt 

rt 

P 

j; 

2- 

i 

rt 

O 

Cf 

ro 

CL 

3 

p 

P 

c 

rt 

ro 


3 

ro 

cr 

o 

rt 

OQ 

P 


on 

3 

rt 

on 

* 

O 

rt 

OQ 

P 

P 


V— i * 

rt 

o 

00 

ro 

on 

< 

f — ^ 

ro 

tr 

r* 

p 



ro 

ro 

P 

rt 

rt 

ro 

ro 

O 

O 

P 

P 

n 


ro 

P 

3* 


n rt 


ps 

c 


n 

P^ 

ro 

CO 

p* 

n 

C 

CL 

fO 

rT 

1 

CO 

p 

p 

CL 

ro* 

P 


?S 

Pi 

d 

X 


re 

>-! 

re 

en 




P 

3 

rt * 

d 

ro 

ro 

rt 

$ 

re 

p 

>rt 

cr 

o 

rt * 

rti 

re 

n 

ro 

t-t 

era 

rt 

era 

X 

p 

rt 

ro 

"3 

o . 

P 

2- 

o* 

3 

pi 

9r 

era 

o 

cr 

re 

T3 


re 

X 

or 

Pi 

n 

?T 

3‘ 

r+ 

O 


d 

o 


0 

X 

p 

OQ 

ro 

CL 

JhhI ■ 

P 

ro 

3 

ro 

ro 

1 


ro 

on 


B 

c 

rT 

P^ 

ro 

CO 


ro 

P 

CO 

cr 

Co 

O 


P 

rt 

n 

O 


ro 


O 

o 


rt 

o 

3 


co 

OQ 

rt 

ro 

p 

rt 

3 

E 

rT 

cr 

•n 

o 

o 

rt 

xt 

c 

rt 

X 

o 

on 

ro 

CO 


cr 

P 

P 

Cl 


co 

&r 

f? 

ST 

P 

rt 

CO 

* 

c 

CO 

V 

p 

CfQ 


P 

n 

ro 


C 

X 


&■ 

ro 

CO 

O 


rt 

ro 


co 


P 

n 

ro 




Cha[iter 16 



Bacterial vs. fungal mulch 

Rule #6 remains operative here. A mulch of aged, brown organic materials sup- 
ports fungi; a mulch of fresh, green organic materials supports bacteria. 
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Leaves make great brown mulch. Photograph by Judith Hoersting. 




c robes to decay. During this time, ;r ungi will dominate. Leaves, on the other 
hand, can be completely decomposed in six months; fungi dominate at the 
start, but bacteria increase once they are able to get inside the material 
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they can accomplish: keeping weeds down, holding in moisture during the 
summer, insulating soils in winter. They save a lot of work, don’t they? I mag- 
ine how much more work they will save when you use them to help feed plants 
the kind of nitrogen they prefer. So correct any mulching mistakes you may 
have made and reapply the proper kind of mulch, in the proper way, to each 
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off and out in addition to getting the bacteria “unglued" Of course, too much 
energetic action can kill these microbes. A brewer’s action must be strong 
enough to tease out the microbes but not so strong that the microbes art killed 
once they are out of the compost and into the tea. 
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too small, under 1 millimeter, they can cut up microbes. Aquarium air stones 
work well as long as you remember to keep them (and the plastic tubing that 
attaches them to the pump) clean. Another system can be made replacing the 
air stone with a two-foot link of ‘/4-inch soaker hose designed for drip irriga- 
tion systems. This hose can be coiled and taped onto the bottom of the buck 
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of microbes in your compost, you will have low diversity in your tea, 

Vermicas tings are a good substitute for compost. These are full ol benefi- 
cial microbes and tend to be very bacterial ( remember the role bacteria play in- 
side the worm, digesting food), especially when they are fresh. For the initial 
live-gallon brew, you will need approximately four cups of either compost or 




cr 

o 

P 

o 

P“> 

o 

u * 4 ■ 

p 


o 

Hi 

o 

cr 

05 

CO 

P 

3 

Q 4 

1-1 

05 

P- 

a 

n 

S' 

CfQ 
^ # 
rt 
CO 

c n 
O 

j iuj * 

O 

o 

CU 

% 


to 

P 

pu 

p 

p 

to 

05 

Hi 

O 

cr 

H * 

n 

■ 

o 


p 

3 

o 

C/5 

O 

c 

3 

23 

O 

00 


CO 

p. 

rt* 

CfQ 

o 

o 

Cu 

n 

O 


o 

3 




n 

o 

3 

23 

O 


21 

n> 

X 


5/5 >— ' 

1 — 1 * C/5 

o 


o 

Ht> 

n 

to 

Hi 

cr 

o 

3 


P 

P 


cr o 

o -- 


tJ u* a 

a O = 


• ■ 

o 

sr 

o 


o ^ ^ 
^ o 

o 


cr 

o 

r-t- 

pr 

03 


O 

P 

P" 

05 

05 


o 

Cu 


rt 

i-t 

h >- * 


3 

Xj 

O 

C/5 

r-t 
* 

O 
cr 

< 
|__L ■ 

o 
a 

Vi 

cr 

JU 


3 

23 

o 

C/5 


O 

o 

3 

23 

o 

C/5 

rt 

1 — h 

tr 

? 

s> 

Crt 

ps . 

o 

pu 

rt 

o 

o 

?5 

H 

p -1 

05 

05 

f— t 1 

w 

rr 


tr 

CTi 

p 

UP 

rt 

pr. 

P 

K 

3“ 

05 

G- 

05 

r3 

Hi 

O 

n 

n> 

V5 

cr» 

O 

H 

pr 

05 

o 

p 

05 

Cfi 


tr 

05 

cr 

05 

C/5 

rt 

a 

r+ 

O 

S' 

o 

CO * 

rt 

o 

tr 

p 

< 

05 


P 

P 

Cu 

cr 

p 


3 

03 

P 

P 

CO 

CfQ 


CfQ 
O w 
O CJ 
Cu O 
Oi 

Cu 


o 

Hi 


S 


tr 

n> 

CO 

a 

* 

— ^ 

HiS 

rt 
05 
C ft 


00 

p 


o 

O 

3 

r3 

o 

C/5 


> 

OQ 


a 

CO 

CD 

OQ 

O 

o 

Cu 

n 

o 

3 

23 

o 

c n 


a 

rt 

Oj 

»-i 

3 

Hi 

OQ 

P 


j — - 

O 
c a 

O 

H-Hi 

p 

rt 
O 
Hi 

> i 


05 

P 


cr 

O 

P 

Hi 

rt 

05 

Hi 

Co 

P 


Hi 

O 

Hi 

? 

o 

# 

H 




cr 

5" 

1 — - 

oP 

* 

. ►— 4 

CJ ^ 

? 0 


— 1 . 

P H^ 

05 O 


^ n 05 

O- Cu Q 


a 

CfQ 


g- 


ro 

rt 

O 

Ou 

ft 

a 

* — ■ * 

P- 


h-H 


Cu 

O 

0) 

C/5 

P 

■j 

CO 

3 

05 


dq 

o 

o 

Cl- 


3 

P 

rr 

05 

CAj 

P 

Hi 

05 


05 

Hi 

05 

P 

Hi 

05 

3 

O 


r-K 

o 

Hi 

CfQ 

b— 1 . 

< 

ft 

& 

Hi 

o 

Cu 


Cu 

P 

3 

n 


o 


g. i 


o 

p 


O 

P 


CO 

# 

fU 


Co 

o 


p 

CfQ 1 

O 

P 

05 

Hi 

p 


4 

p 

rt 

05 


P 

3 

5 

a 

rt 

05 


o 

Hi 

o 

3 

£p— t 4 

p 

05 

cn 

V 

p 


O 

< 

05 

Hi 

co 

O 

o 

co 

3 

o 

CO 


S 

o 

Hi 

5* 

O 


co 

CO 

2 

3 

CO 

05 

> 

rt 1 

n> 

Hi 

P 


P 

3 


r- » 


05 

r\\ 


u 

p 

o 

p 




p 

Hi 

05 


tL T3 

o H 
3 


p 

rt 

0) 

Hi 

co 
Co 


05 

< 

P 

"3 

O 

P 

nT 


rv 

o 

Co 
O 

2 " 
S $ 
cu ^ 

- Vi 

^ ? 

(a 0 

K 
rt 

O 


a r 2 


rD 

Hi 

O 

O 

3 


P 


3 

P 

1 v 3 

B ^ 

co 


P_ 

H* 

05 

Hi 

S. 

r— 2 

Hy-* 

3- « 

Cl '< 

»i co 

P 03 

:: 

Cu ^ 


o 

C 

Ht> 

rt 

05 


Cu 

03 

05 

CO 

05 

Hi 

< 
P 

<’ 
05 
CO 


O 

l 

HJi 

o 

OJ 


1 F 

o 


> 


ri 

n 


3 

05 

CO 


G 

g- S 

03 n 
< 

_ O 

to “ 


o qs 

w o 
a 

o 


o 

p 

5T jc 

rj CO 

o r5 



p 


CO 

05 


P 

3 

3' 

o o 
3 a 

n P 

3 o 

2T 8 

o 


ET 

0 

1 



3 

CO 

05 

? 


05 

P 


P 

— * 

cr 
a 


r I 

05 

Hi 


LP co 
05 


G 

CO 


CO 

r& 

CO 

n 

g 

Hi 


3 

o 

3 

S - r3 

a. | 

O P 


m 

3” 

05 

3 

CfQ 

P 

rt 

f& 

i-i 

P 


CO 

< 

05 

Hi 


CO 

p* 


"O 

C 

Hi 

P 

3 

t * 

n 

O 


o 

CO 


p 

vj 

Ifajai 4 

n 


CfQ 

Hi 

O) 

CL 


*+ 05 


5* S ^ 


P 3 
CfQ 


o 

p 

CO 


CO 


p 

Hi 

O 


< 

o 


ur ^ 

Cu 05 


03 

^ d 3 CU 

i P 2 g* 

^ CO 05 

05* H ^ C S5 3 

O P O ^ H* 

Hti3Cr-HiCO ^< 
r— O ^ ^C* r- 

C 3 q = ep? 3- tr- £ = 

<- 21 ^ ~'Oq 

f 5 tf CO rf 


03 

cr> 

*i 

co 


ns 

p 


E rs 


Q 

CT 

ro 

Lrt 



< 

m 


cr> 

P 


X X 


3 ^ < 


G 


< 

X 


n 

g 

3 


g; £• 

o 


p 

n 

g 


n 

O 


p 


G 


> 


P X 


P 

£ cr 
c o 


g 


cr 

g 


g 

P 

Cl. 

Cft 


Cr. 

O 


G 

o 


x 

i-t 

O 

x 

G 

—l 


Cft 

G 

g 

CL 

i 

CfQ 

G 

■-t 


x 3 

P X 
O 

r-f Cft 

qr r* 

2 3 


g 

on 

x 

o 

o 


pr 

5' 


x 

c 

g 


n 


Oft 


Cft 

x 

G 

i-t 

o 


g 

►-t 
G 

Cft 

a" A 3 
P Cft 

^ 5 T on 

^ 9 

o "< 


3 

E' 


tr 

g 


H 


X 


< 

P 


G 


O 

—t 


CTQ 


G 


O 

o 


cft 

P 

n 


o 

g 


s' § 

P OP 

ao - 


< 

g 

P 


p 


w 

p 

aq 



a 

g 

—: 

aq 

G 


qr 

Hi 


a- 

Cft 


p - 

ro 

p 


p 


Cft 

P 

p -< 


X 

O 


P 

r-t 

3 

rD 

p 


cr x 

rD o 


ro 


(U 

3 

3 


<*> 


p ^ 

o’ 


i M 
»-t 

ro 


3 

3 

ro 


3 

3 


p 

CL 

ro 

hO 

3 

p 


g .- 

3 - H- 

O 3 

3 *Q 
ro 3 

m. T _ . 


P 

■I 

P 

rD 


n> 


OQ 


n 

O 


Do 


P P 


cr xi 


y~> 

rD 


X 


X p 

qr r- 

O X 

3 5 

O. 3 3 < '3 

3 T 3 CTQ Cl. ro 

° ^ HI 2 *3 


H“ V 

Cft n> 


p 


8 

3 


Oft 

3 


p 

Cft 


g _ 

S rc 


o cc 

O rc 

3 ^ 


P 

P 


H 

qr 

Cft 


p 

p 




Cft 

rD 

P- 


O 

Oft 


B* 


& ^ 


h s n 


P 

o 

g 


rD 

»-< 


O 

x 

o 


o 

Cft 


P 


fD 


Cu P 
*“ P- 


3 

o 


g 3 


rD 

a 

p 

P 

p 


o 


p 

n 

n 

O 


O x 
C x 


n> 

P 


O 

P 


^ i 


o 


o 

>-t 


Cft 
i— !r 

P 


cr 

o 


fD 


n 

rD 


P 

aq 


Q 

p 


p 

n 

ro 


< 

Cft 


^ r 

cr 

ro 


cr 

fD 


n 

o 


o 

O 


< 

rD 


< ao 

r w 


n 

O 

P 


•— - < 
p 



Cft 

rf 

I 

n> 

O 

P 

P 

cr 

ro 

Cft 

Xi 
P 
ro 


n> 


Cft 

p 

n 

n> 


P 

O 

P 

rD 


fD 

i—* 

P 

Cft 


3 

X3 


Cft 


a> 


o 

p 


ro 

n 

O 

P 


cr 

ro 

X 

o 


3 

pr 

a> 

x 

rD 

P 

Cft 


Cft 

or 

n> 

o 

p 

P 

Oft 

rD 

cr 

p 

o 


rD 

Oft 

Cft 

C 

& 

n 


rD 

p 

cr 

r& 


ro 

3 


3 

era 


ro 

t-i 


S' 


3 2 

M B 

cr >L ,5 3’ era 

ctq rt 

o 

wj 


rr 

cr 

ro 


EU 

3 

o 


T f 

o 

3 

p 

?r 

rD 

P 


re 

r 


p 


rD 

x 

rD 


Cft 

Cft 

p 


cr 

rD 

Cft 

n> 

p 


p 

rD 

p 


Cft 

a> 

3 


Cft 

r& 

< 

ro 

x 

P 


O 

P 


P 

Oft 


p 

aq 

o 


a- 

Cft 


P 

P 


rD 

p 


O 

cr 


rD 


^ aq 

CTQ 


3 

ro 


o 


ro 


Oft 


A+ 

p 

* 

P 

G 

M 

*_c Jf 

n 

l| 4 

G 

P 

CL 

>-* * 
3 

G 

G 

H 

G 

ex 

G 

P 

—i 

P 

o 

r 1 

3 


ik-* - 

i—t 

o 

r+ 

G 

rf 

3 


3 

cr cl w 

^ S "g 

3 "S 

p 


o 

rD 


P 

M 5 

cr ^ 

n> 

cr 

rD 


o 

p 

"<S 

aq 

r* 

o 

cr 

P 


p 


p 

P 

o 

rD 

CP 


a> 

p 


p 

o 

Cft 


3 


E- 


3 

| 

3r 


? o 


p“ 

p 

i-t 

3 

O 

Oft' 

r-f 

c 

£ 

P 

cl 3 : 

o 

l-l 

Cft 

p 

H 

o 

p 

you 

their 

OQ 

i-t 

G 

P 

B 

-* 

(X 

ph 

Oft 

f-t 

E 

H 

G 

) — * * 

B 

3" 

r-f 

P 


r*+ 


r+ 

—t 

o 

pr 

l CL 

o 

rr 

w 

G 


O 

eft 


r& 


p 


P 

cr p 


ro 

i-t 


3 _ 

2 ^T 3 


n> 

rD 

o 


O 

i— t 

P 


o 
o 
a- 


ri 


rD 


p 

Cft 


P 


< — 

rD 


rD 

Cft 

Cft 

p 


*-t 

p 

X> 


rjq 


XJ 

O 


i 


Cft 

P 

n 


cr 

n> 


1 — r 

O 

3 


Cft 


rjq 

a 


ex 


p 


p 

n 


o 

P 

era 

x 


rD 

P 


i 







r 


o 

5 1 

3 

CO 


cr 

p 

n 


rD 

p 


P r-j 
o XI 

P o 
p XJ 
3 ^ 

X H- 1 

Du p 


N 

fD 

o 


rt 

rD 


fD 


N 


tr 

p 

I-t 

3 

G 

rD 

G 

Oft 

P 

q 

r-t 

a 

Cft 

O 

o 

Cft 

aq 

p 

r-f 

o 

rr 

P 

•-! 

o 

ex 

G - 

p 

r-T 


ex 


p 

era 

p 


o 
o 
ex 

Co 

&> 

3 

(X 

m 

o 

3 

O 

c« 

3 

T3 

T3 

O 

►t 

r-f 

T3 

o 

T3 

3- 

S” 

r+ 

V 

o 

3 

co 


J-Pj 

Cft 

cr 


n> 

P 

N 

X 

3 

p 

r-r 

O* 

P 

X* 

Cx 

* 

aq 

a> 

Cft 


pr 

rD 


1 

P 

cr 

-< 

p 

ex 

a* 

H* 

era 

XJ 

p 

X 

p 


p 

w 

p 

XI 

p 

X 

3 

p 

X 

ro 

X 

f — t 

SI 

p 

Cft 

O 

>-fi 


cr ^ 
o x 


n> - 
oft O 

P 

P eft 

ex ^ 
^ ro 


aq 

>-i 

G 


aa 

p 

fD 


n 

p 




3 ^ ro 5 

^ 3 a & 

g SJ 3 2 

Zl i-r 


n 


i (K S 

. 1-4 >— i 

fD 


O 

P 

rt 

Cft 


P 

Oft" 

O 

o 

o 

p 

r— r 

p 

Cft 


5‘ S 

fD 

8 "g 

S 3 P . 


fD 


Ci 

Cj 


Cj 

Cft 

Hi 


r o 


fD P 

3 

^ 11 ■ ■■ I 

Cl 

< Cft 


O 


55 3 


p 

G 


3 


O' 

o 




I* ’ 


u 

Cft 


^ o 

k; 5 * S 

O 3 ' ~r< 

5 - a 3 

P C 


G 


Oft 

p 

O 

O 


Cft 

1 — ' v 

Oft 


n » Z 

^ G Oft 

re ^ 

^ Cft 5 


G 

s 

3 


O • 

cr 

o 


pr 

O 

Cft 


ex 
i f ^2 

< < 

P G 


C 

G 


aq 

G 


G 

p 


n 

G 


c 

aq 


G 

5 


G 

P 


ph C. 

s- EL o r5 

er _ < oft 

G 


w 

G 

o 

ct 

P 


P ^ 

I 


tr 

ro 


co 


n> 

Cl 3 


N 3 B 

^ H! g 

cr 

G 


E 5 d 

G 

G 

ex 

Oft 

- — 

O 

G 

Oft 


G 3 

3 00 
O 
o H - 

aq 

l-t 

c 
5 


p tr g 


-i 

T . P 

n 

n r+ 


G 

CO P 

rH' 1 

Cft ^ 

0 * r-f 

a ^ 3" 

g -s’ I 

1 1*3 1 


G 

Cft 

P 

P 

o- 

p 

X 


■ - o 

<*> 3 

o P 


G 

< 

P 


Cft 

Si 

p 


G 


G 

-t 

G 


Oft 

O 

PP 

G 

P 

Oft 

O 


P 

Cft 

X 

0 

s: 

ex 

G 

i-t 

G 

ex 

£L 

1 


er 

p 


n 

A’. 


G 


— t 

n 

cr 

p 

Oft 

G 


ex 

P 

Oft 

ri" 

Cft 


n 

c 




o - 

— J 

Aj p 

G 

P Ci 

ex 

ex H" 

G OC 

sx era 


p 

n 

G 

Oft 

c 

p 

i— r 

r— 

P 

n 


O 


pr 

Cft. 

0 

G 

X 

P 

r- 

M * 
f— 

L 1 

Cft 

Oft 

5* 


n 

P“ 

P 

o 


n 

o 

3 

X 

o 

Cft 


X 

X 

G 


Cft 

O 


aq 

P 

Cft 

AJ, 


i. G 

2 5 


A'. 


s *. 

CL = 


I— - o o 


o 

— t 


G 


G 

- i 

3 

G 


P 

C'-t" 

era 

p 

i 


w 

C 

ro" — ■ 

D- 

rs 

r+ 

pr 

G 

3" 
p 

ora 


G 

P 

Cft 


Ph 

Cft 

pr 

G 


< 

R 


G 


P 


pr 

G 

era 

a 

Cft 

n 

f 

5" 


cl ere 

£ £L 

p 

1— 

— 

k-f 

k-J 

G 

p 

P— • 

•< 

G 

?r ere 

Cft 


— - 

^5 3 

— — — 

O 


Cft 

*3 < 

P 

RJ 

ItA* \ 


3 

p 

n 


5; Aj 


P 

ex 

<' 

o’ 


p 

G 

P 

Cft 

O 

era 

o 

c 

ex 


p 

n 

t 


Oft 

*< 

O 


n 

« 

G 

P 

Cft 

G 


G 


Oft 

P 


G 


O 

— 1 

O 

X 

0 

1 


u» 

o 

Cft 

— i 

m 

p 





. . n> 

^ B* 
<■ 



v> 

■f JF| 
xJ > 

■ ( r ' 

>-t 

T-V 


|_l - 
t— t 

CTO 

O 

* — - 

OD 

Cl 

w 1 

P- 

n 

B 


< 

c 

r\ 

cr> 


n, 

ns 

n> 


H 

CD 

P 


CO 


3 

ft) 



3 

S' 

3 

OQ 

m 

& 

n> 

P 

O * 
go 

V 

r~t 

n> 

CD 

tt 


n> 

'-t 

Fb 

1— * - 

a 

a 


» 

i t 

E3‘ 

t3 

<— ¥- 

»— 1 

P 


p , 

> — ► - 

<ry 

1 

<— l 

i— + 


rt> 

o 

O 

a 

r-l- 

£5 

5 

ns 

t 


O 

o 

o 

w 

n> 

on 

p 

3 

r-b 

P 

Q 

c 

CO 

u 

CO 

cr 

ru 

P 

H 

O* 

v 

n 

o 

< 

n> 

t-t 

os 

O- 

5- 

r-t 

O 

3 

oq 

Eb 

F n H ■ 

nT 


go 

f — h 

l-t 

P 

O-j 

t/i 


o 

r“H 

o 

CQ 

3 

xs 

*<" 

c" 

Cl 


O 

n> 

oo 


U2 


Fungal mycelia are activated by adding fungal nutrients to compost before making tea. 
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crobes, they cause osmotic shock — that is, water in the cells ol these oigamsms 
flows to the higher concentration ot salts without, literally bursting through 
cell walls and killing off the microbes that hold (bacteria and fungi) and cycle 
(nematodes and protozoa) nutrients. 


Chemical lawn fertilizers work, and they work well. Their concentrations of ni- 
trates are so high, they are immediately effective: fertilizers are chemicals that 
feed the roots directly, bypassing the biology in the soils. However, applications 
of synthetic fertilizers kill off most or all of the soil food web microbes (Rule 
#13). These fertilizers are salts, and when they come into contact with soil mi- 






> 

< 

5" 

o’ 

£ 

00 

n 

o 

CD 


S era 
^ era 
3 e? 


P £ 

ml * - ^ 



o 

p 

Hfc 

fD 

w 

CO 

CTJ 

CfQ 

o 

$ 


<T> S 

oo CIm 
c/> 


fD 


n 

&J 

S* 

fD 


in 


i 


fD 

3 

to 

O 
G 

a ^ 

fD _ 



c 

o 33 ^ 


O 

"o 


n 



O 

to 

3 

c 


H - 1 

crq 

to 

3 

P- 

?T 

SdP 

& ST 

£ Q 

Q m * 

3 " 3 " 

p- £ 

* p 


r— - 

N 

fD 

h-t 

to 

3 

P 


P P 

r-f 

fD 

3 


GTj 

^ w 

^ 3 

p— ,_j 

o ^ 

53 ca 

^ W 

3 

to 


9L 

P 

aq 

H 
to 

Cr, 

V) 
Q . fD 
- fD 


fD 

O 


fD 

>n 
to 

§ ; w 

2 ^ 


O 

3 

fD 

fD 


o 

GO 

o 


p 

n 

to 


fD 

P 

Hj- 

G 


^ w 

S- 3 

rh ^ rr 


£ % 

Cr a; 
GO it-j 

fD Zd 

p 


to 
H 

3 

Cl- 

P 

Vi 

r-t 


fD 

to c 


to 

co 


►-t 

fD 

Cr 

3 


Co 

V* 


r“r 

3^ 

fD 


H 

fD 

fD 

GO 


CO 


'C 

P“ 


cr 

Cl 


2 

o 

to 1 

cr 

p- 

fe 

3 

XS 

o 


to 


CO 


r-r i 

£T ^ 


to 

G 


CJ 



Chapter 18 

f he Law . 1 




3 

ft 

to 


ft 

cp 

p 




C— 

o 

O 

ft 


n 

ft 

ft 


3 

3 

P 


r i 

3" 

O 

3 


3 

ft 


CO 

o 




_ 3 
< & 


p 

3 

p- 


I 

3< 


< 

H-« * 

Cu 

3 

p 


ft 
ft 
ft CO 

^"g 


ft 

< 

ft 


<■ — r rz~ 

n> 

p 

ft ^ 


pL. <T> "< 

-BO 


< 

fD 

co 


co 

O 


3 

0 n 


S ' 

3-' ^ 

ftr* O 

^ xi 
3 3 


3 

o 

i-t 

fD 


i r 

£T 

ft 

m 


co 

o 


P 


P 

CTO 

rjq 

ft 

ft 

oa 

p 


a: 

nT 


p 4 

ft 


O 

ft 


P 

ft 

ft 

p 


P* 

ft 


3 qs 


o 

p 

o 

ft 

o 


Nl 

ft 


ft 

CO 


w 

t=5 

« O 


H 


ft 

ft 

CP 


o 

CO 

ft 


ft 

CO 


n 


Ou ft* 


PS p 


CP 


ft 

£P 


CO 

m 

p 

’00 

n> 

co 


ft 

CO 


p 

ft 

ft 


o 

t-t 

3 


3 

3 O 


3" 

n> 

3 


P 

r-f 

i-t 


P 

i-t 

o- 

n> 

3 

n> 

>-t 


3 

O 

1-1 

FT 4 


CO 

ft 


p 

ft 


O 

-h 


d 

CO 

ft 


ft 

C 

CO 

ft 


ft 

o 

tr 

r> 

ft- 


o 

- 

3 

< 

u 

1 "G 

P 

ft 

u 

GS 

ft 

p 

ftj 

o 

»— * 
i— i 


O 


a 


ft 

CP 


co 

n 


ac 

CO 


re? 

< 

ft 


n 

O 


ft 


OQ 


ro 


co 

p 


co 

3" 2 


P 

O 


* S' 


o 

i ^ 


* 

o 

'T 

CO 


£ 
8- 


p 

3 

D- 

’3 

H 

o 

cr 

ST 


0) 
a - 

i 


b_i . 

3 


CfQ 

O 

3 

fD 


SO- 


UQ 

fD 

V 


c« 


3 

i-t 

fD 


o 

3 

C/5 

O 


P 

o' 

3 

fD 


£ 

fD 

3 

o 

< 


p 


or 

fD 


O 

ft 

n 

3 

ft 


o 


& 

o 

rv 


o 

CO 


w 


ft 


ft 

< 

ft 


i-» 

ft 


O 


ro 


P 

O 


1 

3 


ft 


o 

p 


C 

< 

ro 


3 

n> 

G" 


D 

fD 

CO 


CfQ 

p 


o 

n 


^3 


a> 


fS* 


p 


r? 


Pr h-h Q 

P r^ 


S - G n 


H) 


3 


o 

or 


&> 


iyj 


-t 5 

§ £3 


p 


S3 

p 

* 

i-t 

p 

3 

Cu 

P 


P 

QQ 

CfQ 

H 

fD 

CfQ 

P 


H 

or 

fD 


CT 
P 


o' ^ 

» ^ 

o- d 
ro 


3 


o 

&- 


CfQ 


O 

i-i 

- g- 

p- 3^ 


o 

p 


t-{ 

fD 

P 


Vi 

O 


or 

fD 

O ^ 


< 

o 


w * 


n> 

CO 


n ^ 


p 

3-i 

rt> 


n> 


rt) 

i-i 


CO 

P 


(3 

CO 


p 


CO 


ao 

o 

3 

rD 


t — r i — 

N 

p 0> 


P 

H 

r& 


S* 

o 


r+ 3 

O) h- - 

^ P 

< CfQ 
O co 


ro 

r-t 


o- 

o 

< 

ro 


N 

Os 

ri 

CO 


CO 

O 


»-t 

O 

P 

7T 


o 

< 

3 J 

OQ 

n 


n 


CfQ 

(V 


o 

p 


^4* b < 

M * 

n 


o 

3 


O 

O w 

O- 2 


fD 


l-t 


ex 

fD 


^ « 

CO O 

o >-t 


H 

3T 

O 


03 

»-t 

O 

CP 

p 


co 


P 

o 


»-t 


d 

CO 

rD ^ 
CP P 


O 


rr ^ 

or 3 

03 P 


3^ 

CD - 

n 

O 

3 ^ 

CP fD 


I 


n 

s-l 

a> 

p 


CO 


D- 

rD 

CO 


p 

d 


i I 

© ^ 
cr p 


# 

P 

s 

CP 


r& 

a 

CO 

r& 

CO 


p 

ro 


CO 

CO 

O 

O 

3 


p 


Q CfQ 

™ ro 


CO 

p 


fD 

o 

3 


cr; 


p 

3 

CP 


CP 


l-t 


p 

3 

3 


o 

3 

O 

i-t 

P 


i-t 

o 

fD 


tn 

O 

p 

< 

>— ■ • 

o_ 

o’ 

3 


O 


CP 

o 


0 

hj 


G 

G 


r& 

5 

ft 


CfQ 

P 

G 

ft 


ft 

O 


ft 


ft 




I— K 

ft 


CfQ 

CO 


— ^ * 
ft 


O 

< 


OQ 


ft 

r.\ 


„ P r-t 

3 3 rr 

rr Q- ft 


P 

3 

CP 


i* * 

P 

r! 


O 

o 

o _ 
op e 


v OQ 

3 

v 


CP 


o 


CfQ 

—! 

P 

V 

V 


3 

cy. 


'•< 


f? 


CP 

o CD 

n Q 

7- ^ 


P 


3“ O 
P ~ 


cn o 


3 

3 



C/5 


Cfl 

O 


or 

fD 


3 

\ 

CO 


r 

ro 

”1 


P 


CfQ 

O 

3 

ft 


p 

€ 


CO 

O 


&■ 

ft 

CO 


CO 


ft 

CP 


Du % 
^ ft 


3 -S' <8 

H 


ft 


co 


B 

o> 


Or 
H n 


■D P 

a ^ 


cr 

p 

r-t 

t 


O 

co 

ft 


co 


p 

f -h 

cr 


or oq 

fD 

S' 

3 

OQ 


O ^ ^ 

cr 


CP 

fD 


3 

f*+ 

B 


3 

P 


n 

p 

H 

H 


Co 

P 


ft 


CO 


ft 

p- P- 1 




<yi 

p 

CP 

0 

1 

p 

H 

Du 

CO 


CU OJ 

CP 


p 

3 

CP 


Cl ^ 

?r 


ft 

< 

ft 

CO 


co 

O 


P 

3 


HI 

cr 


ft 

p 

< 

ft 

CO 


ft 


£T CfQ 

P CO 


ft 

ft 

t 


ft 


. $ 

A 


CO 


ft 

p 


r~T 

pr 

ft 


ft 

3 


g - CP 

ft 


*-U * *** 

fD oq n 3 

3 JU i-t V 


W ■ 


T> 


3" 

ft 


CO 


3 

n 

i 


3 ^ 

CP P 

co k 


ft 

- 2- 
tr g^ 


o 

3 


ft 

CO 


o 

H-* r-+ 

3 a* 

CO ^ 


O 

P 


3 ^ 
O 


3 

o 

ft 


P 


3" 

P 


P 


ft 


3" 

ft 

3 

o 

ft 

ft 


P 

£ 


ft 


P 

OQ 

P 


3 3 

fD CfQ 
CO 


cL 

ft 

3 

ft 

ft 


FT 


ft 

OQ 

ft 


co 

3 


ft 

O 


P 

ft 

ft 


3 


P 


Q ft 


d n 

3^ fD 


OT 1 

ft 

ft 


ft 

CP 

CO ^ 

* O 

3 


O 

3 


3 

3 

3 


3 

p P 
ft 

ft rs 


ft 

P 

ft 


ft 

ft 


ft 
< 

jp D 


fM 


P 

ft 

ft 


CP 3“ 

ft ^ 

3 qs. 


OQ 

— i 

P 


3 

o 

3 


Ci 

P 

3^ 


yi 

n> 



wj OQ 

V 


fD 

ft 
















add microbiology to establish one. 
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potassium in the fertilizer, and this N PK trilogy appears on all fertilizer packag- 
ing. Don’t put anything on the lawn with NPK numbers greater than 10-10-10; 
traditional organic fertilizers usually meet this criterium. Of particular note is 
that a high (anything over 10) concentration of phosphoius not only prevents 
mycorrhizal fungi from growing but kills off the ones that are there. As a result, 


big but necessary change in gardening terminology. When yon team with mi- 
crobes, you feed them, and they feed the roots. 

Rule #14 warns that if you want to work with the soil food web, you need 
to stay away from additives that have high NPK numbers. Most gardeners 
know these letters represent the percentages of nitrogen, phosphorus, and 
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are usually a sign that things are healthy beneath the green grass. 

Lawns that have not had the benefit of a healthy soil tood web (which may 
be attributable as much to poor drainage as to chemical fertilizers and weed 
killers) should be plug-aerated, a procedure wherein 2-inch-long pings of so 
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type of endomycorrhizal fi ngal spores associated with grass plants, vesicular- 
arbuscular mycorrhizae ( VAM). A healthy lawn should have a good portion of 
roots colonized by VAM for the lawn as a whole to get the benefits of the 
mycorrhizal relationship. VAM colonization helps grasses compete with weeds 
for nutrients and blocks root-eating nematodes. And mycorrhizal fungi bring 
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Chapter 20 

Growing Annuals and Vegetables 
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cycling in your vegetable and f lower gardens. It may take a week or so for the 
protozoa to find the bacteria in the rhizosphere, so wash down any application 
of bacterial food with an immediate dose of protozoa soup. Commercial nem- 
atode products have hit the home horticultural market, but these are usually 
specific for garden pests such as slugs. Your best bet for increasing the popula- 
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micro- and macroarthropods, as well as microbes. Instead, carefully hoe weeds 
up or use vinegar, heat, boiling water, corn gluten, and other weed-controlling 
methods that have fewer and more temporary consequences to the microbiol- 
ogy in the soil. Should you ever need to resort to an herbicide (and we sincerely 
hope you won Q, you must take remedial action as soon as practicable (Rule 


All too often the reaction of the gardener to a weed in a flower or vegetable gar- 
den is to douse it with whatever herbicide is suggested and often a bit more 
than the directions call for, for good measure. For obvious reasons this is not 
sound soil food web practice. Applications of powerful nonselective herbicides 
harm the soil food community in much the way chemical fertilizers do, killing 
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being used will be those produced by the soil food web itself. And— without 
chemicals and with a bit of inoculation — mycorrhizal fungi will return. 
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If you habitually used chemical fertilizers in your vegetable and flower gardens, 
you will need all three soil food web tools. Apply 1 to 2 inches (2.5 to 5 cen- 
timeters) of bacterially dominated compost before you plant annuals and veg- 


Sehedule for restoration and maintenance 
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Chapter 21 

A Simple Soil Food Web 
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Fungai compost and mulch should be applied liberally around trees, 
shrubs, and perennials. Mix in any twigs or sticks these plants drop. You might 
run these over with a lawn mower, in place, just to open them up a bit and 

make them look neater. 

\n nlants showing signs of disease or stress should be immediately 
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will make you a better gardener. 
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6. Aged, brown organic materials support fungi; fresh, green oiganic mate 
rials support bacteria. 

7. Mulch laid on the surface tends to support fungi; mulch woiked into th 
soil tends to support bacteria. 
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